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Purpose 


BALLISTIC AND ENGINEERING DATA 
for 

Shell, HE, 76-mm, M42A1 
with 

Fuzes, PD, M4C, M48A1, M48A2 and Mt'lA4; TSQ, 
M54 and M55A3; MT, M43A5; and CP, M?8 


bt-ction Paragraphs 

I General- 1 

n Descripticai - 2-4 

m Interior ballistic data -- 5- 6 

IV Exterior ballistic data - 7-8 

V Effect data. 9-32 


SECTICai 1 
GENERAL 

Paragraph 

. 1 


1, Purpose. The purpose of this number of the iia.idbook is to furnish a concise collection of infor¬ 
mation regarding tha shape, dynamics, balliscics and effects of the 76-mm High Explosive Shell M42A1 with 
the Point Detonating Fuzes M48, M48A1, M48A2 and M51A4; the Time end Superquick Fuze M54; the Me¬ 
chanical Time Fuze M43A5; and the Concrete Piercing Fuze M78. This information is collected from the 
drawings, reports, firing tables, and technical manuals pertaining to this ammunition. 
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SECTION n 
DESCRIPTION 


Paragraph 


Drawings - -- 2 

Dimensions - 3 

Physical characteristics--- 4 

2. Drawings. 

Shell, M42A1: Metal parts assembly and details 75-18-33 

Shell, M42B1: Metal parts assembly and details 75-16-37 

Shell, M42B2; Metal parts assembly and details 75-18-38 

Booster, M20A1: Assembly and details 73-2-112 

Booster, M21A4: Assembly 73-2-154 

Fuze, PD, M48, M48A1 and M48A2; Assembly 73-2-140 

Fuze, PD, M51A4: Assembly 73-2-145 

Fuze, TSQ, M54: Assembly 73-3-154 

Fuze, MT, M43A5; Assembly and details 73-7-29 

Fuze, CP, M78; Assembly and details 73-2-214 


Note;' The MT, PD, and TSQ Fuzes require one of the boosters; but the CP Fuze contains their work¬ 
ing parts. The TSQ Fuze M54 and the Booster M21A4 are components of the TSQ Fuze M55A3, dwg 73-3-155. 


3. Dimensions. 


Band: Widtn 

0.34 cal 

Distance from base 

0.40 cal 

Cylindrical body; Length 

1.92 cal 

Ogive: Length 

0.87 cal 

Radius of arc 

7.00 cal 

Shell, unfuzed: Length 

2.80 cal 

Fuze, PD, TSQ or MT: 

Outside length 

1.25 cal 

Shell and fuze 

4.04 cal 

Ogive and fuze 

2.12 cal 

Fuze, CP: Outside length 

0.86 cal 

Radius of ogival arc 

2.67 cal 

Shell and fuze 

3.68 cal 

Ogive and fuze 

1.76 cal 
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BALUSTIC />i’lD ENQNEERING DATA 


4. Physical characteristics. The weight, location of center of gravity, and moments of inertia of the 
HE Shell M42A1 with any of the FD, TSt3 or ^4T Fuzes are approximately the same as those of the HE Shea 
M42 with the MT Fuze M43A2. The physical characteristics of the HE Shell M42A1 with the CP Fuze is ap¬ 
proximately ‘^he same as those of the HE hCrell M42B2 with the inert Fuze T105 Type 6 . 


Shell 



M42 

M4232 

Fuze 



M43A2 

T105 Type 6 

Mean weight: Marking D 

(Standard) 

lb 

12.80 

13.14 

Marking B 

B 

lb 

13.00 

13.34 

Mai'king B 

B B 

lb 

13.20 

13.54 

Base to center fgi avity 

cal 9 


1,540 

1.546 

Axial moment of ^ner‘<a 

Ib.ft^ 


0.1105 

0.1098 

Transverse moment oi nartia Ib.ft 


0.8092 

0.8106 


SECTION in 

INTERIOR BALLISTIC DATA 


Paragraph 


Stresses-- — - - --- 5 

Theoretical yaw In bore - - — - -- — --- — — . — . 6 


5. Stresses. The following table and the graphical re presentation on page 5 show the longitudinal, 
radial and tangential resultant stresses at each of tliree sections; (A) the rear corner of the band seat. 


(B) the front of the band seat, and (C) immediately behind the boxxrrelet. 


Gun 

Twist of rifling 
Cross-sectional area of bore 
Rated maximum pressure 
Total weight of projectile 
Muzzle Velocity 
Density of filler (TNT) 

Resultant Stress* 
100 psi 

Longitudinal 

Radial 

Tangential 

* + denotes tension. 


76-mm M1A2 
1/32 

7.2776 sq in. 
43,000 psi 
12,80 lb 
2,700 fps 

0.057 lb per cu in. 

Section 

ABC 

- 274 -736 -355 

+ 630 +87 +59 

-1086 +480 +212 

- denotes; compression 
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DIAGRAM OF RESULTANT STRESSES 
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BALUSTIC AND ENGINEERING DATA 


6. Theoretical yaw in bore. 

7 min 
12 min 


Minimum 

Maximum 


SECTION IV 

EXTERIOR BALLISTIC DATA 


Paragraph 


Aerodynamic data - -- -- -- -- -- -- — - 7 

Firing table data - — - -- -- -- -- — - -- -- -- -- -- -- - q 


7. Aerodynamic data. The aerodynamic data obtained with any of the PD, TSQ and MP Fuzes are 
applicatle to all of them. The aerodynamic data obtained with the inert Fuze T105 Type 6 are applicable 
to the CP Fuze M78. The form factor given in this paragraph for the PD Fuze M48 was determined from 
resistance and range firings of the HE Sheil M42 with the PD Fuze M48 and the MT Fuze M43A2. BRL Re¬ 
port No, 30, Stability Factors of Projectiles" (Rev. Sep 1940) gives the stability factors and momen* coef¬ 
ficients that were determined for the HE Shell M42 with the MT Fuze M43. BRL Report No. 298, "Stability 
and Resistance of 3-lnch HE Snell M42A1 with PD Fuze T105 Type 6", gives the form factor and stability 
factor that were obtained in developing the CP Fuze. BRL Report No. 4C8, "Loss of Spin and Sldn Friction 
Drag of Projectiles", gives tne axial couple coefficient obtained from firings of the HE Shell M42 with a 
radio spin sonde in a dummy fuze having the same shape as the MT Fuze M43A2. 


a. Drag. 

Shall 

M42 

M42A1 

Fuze 

M48 

T105 Type 8 

Drag function 

^-3 

^6 

Muzzle Velocity fps 

2,700 

2,680 

Form factor 

1.04 

1.37 

Ballistic coefficient 

1.368 

1.066 

Drag coefficient, 

0.123 

0.163 

b. StabiUty. 

Shell 

M42 

M42A1 

Fuze 

M43 

T105 Type 6 

Muzzle Velocity fps 

2800 

2600 

Mach number 

2.50 

2.39 

Moment coefficient. K,, 

M 

0.991 

0.794 

Twist of rifling 

1/32 1/40 

1/32 1/40 

Stability factor 

2.03 1.30 

2.45 1,57 
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c. Axial couple. 


Shell 

M42 

Fuze 

Radio sonde 

Average velocity 

Reynolds’ number (based on 

1800 fps 

2.75 X 10® 

avg vel. and caliber) 

Axial couple coefficient, 

0.00585 

Surface (without base) 

96.5 sq in 

Skin friction drag coefficient, 

C* 

0,00218 


8 . Firing table data. FT 76-C*l 

FT 76-A-6 (Range-elevation tables and Aiming Data charts). 

Gun, 76-inm, M1A2 on Medium Tank M4 or Gun Motor Carriage M18. 

T’-vist oi rifling: 1/32. 

OCM item 18656 standardized the HE Shell M42A1 for the 76-mm Gun Ml. OCM item 25455 authoriz.!d 
the use of a reduced charge to give a muzzle velocity of approximately 1550 fps; the normal charge gives about 
2700 fps. Tne 76-mm Guns Ml and MlAl, whose twist of rifling is 1/40, are now obsolete. FT 3-W-l gives 
data for the 3-inch Gun M5, whose twist of rifling is 1/40, tiring the HE Shell M42A1 at muzzle velocities of 
1550 and 2800 fps. 
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IBBBBBBBBB] 


tBBBBBBBBBBaBaBBBBBBBBBBBBBBBl 
iBBBBBBBBBBBBBBBBBBBBBBBBr- 


iBaaaBanpBMMBBiHnaBBBaBBBBnBBBBaBaai'miaBBaBaai 
BBBBBBBiBaaSESBBBBBBBBBBHL'rtlWlHrttTrlBBKBBBBBBBBB 
BBBaBBBBBBBBBBBaSaBBBBBBBBIlBBaMilBflBBBiWBBBBBBB] 
—BBBaBBBBBBBBBBBBfiBBBBBBBBBBBBBBBBBBVBBBBBBBBK 
BflBBaBBBBBBBBBBBBBfajHIBBBaBBBBBBBBBBBBBBBBBar 
BBBBaaiBBBBBBBBBBBBIiSBBBBBBBBBBBBBBBklBBBBBBBl 
BBBBBBBBBBBBBBBBBBBBBBBlCBBBBBBaBBBBBBBBBaBBBaai 
BBBBEBBBBBBBBBBBBBBBBBBBkBBBBBBBBBBBBBBklBBBBBa 
BBBBBBBBBBBBBBBBBBBBBBiBBBUBBBBBBBBBBBBB'BaBBBBI 
BBBBBBBBBBaBBBBBBBBBBBiBBBBiS<BBBBBBBBBBBB.lBBBBBI 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBISBBBBBBBBBBBUBBiBBI 
BBBBaBBBBifliBBBBaaBBBBBBBBBBBaBBBBBBBBBBl'BBir~' 
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iBBBBBBBBBBBBBBBBBBBBBBBBBiBBBIWBI 
BBBBBBBBBBBBBBBBBBBBKBBBBBBBBBvgBI 
BBBBBBBBBBBBBaBBBBBBBk'BBBiiBBBBBBBBi 
—IBBBBBBBB BBB BBBBBBBBBJBBgiBBBBaaBB 
liBBI- 


_JBBBBBBBBBBBBBBBBBBvBBBI 

BBBBBBBBBBBBBBBBBBBBBBBaBBBBBBKB-' 


liiBiiBBBBBBBBBBBBBBBBBBBKnBIBIillflBBliiflfiiBBilBlIiiBBBKI 


IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBU..^_ 

Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb bbb bbbbbbbbbbbbbm^ikbbbbbbubb 

iBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiflBBBBBBBBBBBBBBBBBiHiB^iaBBlIia 
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BaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBlBB 
BBBBBBBBBBBBaBBBBBBBBBBBBBBBEBBBiiBiagBiiBBiBBaBBBBBBBBBBBBBBiBvMiBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiBB BBiB EBiiBBBBBBBBBiBBBBBBB BBBB l BBB M 

BP 


iBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBl 


BBBBBBBBaBBBBBBBBBBaBBBBBBBBBBBBBBmiBBBlIB 

BBBBBiBBBiBiBBBBBBBBBBBBBBBBBBaBBBBKBBBIIB 


laBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiBiBBBBiBBBBBBBBBBBBBBaBBi.IBBIIB 
iBBBBBBBBBBBBBBBBBBBaBBBEBBBBBflBBaaBaBBEiiBiBBBBiBBBBBBBBBBBBBBBBBkBBial 
iBBBBaBBBBBBBBaBBBBBBBBBBBBiBBiBBBBBBBBiBBBBfBBBBBBBBBaBBBBBBBBBBaBIBBB 

iBBBBBBBBBBBBBBBBr 


IBBEBBBBBfBBaaBBBBEBiBiBBBBiBI 

_JBBBBBBBBiBBBBBBBBiifBBiBBBBBI_, 

IBBBBBBBBBBiBiBBBBiiBBgBBiBBiBBBBBBBBBBBBBBBBBBiBBBklBBB 

_JBBBBBBBBBBBaBaiBaBBiBiBiBBBBBBBBBBBaBBBBBBBBBBBBBBBUB 

iBBBBBBBBBBBBBBBBBBBBBiBiBaBBBiBBBiaBBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBiVni 
iBBBBBBHBBBBBBBBBBBBaEBBiBBBBiBBBiBBBBiBBBBBBBBBBBBBBBBBBBBaflBBBBBikWl' 
iBBBBBBaBBBBBBaBBBBBaBBBBEaiiBBBaBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBaBBBBili: 


IBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 


_JBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBtW 

iBBBBBBBBBBBBBBBBBBBBBBBBBBBBiBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBkl&l 
IlBBBBBBBBBBBBaaHBHnBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBni, 
|aBBBBBBBBBBBBiBBBBBBBBBBBBBBBaBBBBBBBBaaBBBj|£iiBBBMIiEBaraBBBBBBBBBBB.1' 
iBBBBBaBBBaBBBBBBBBBBBBBBBBBBBBBBBBBggTP^TTT.UlV.VL^-MBBBBBBBBBBBBBBBH 


I BBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBKSiUMMiMAiAMCMBBBBBBBBBBBBBBBt 
BBBBBBBBBBBBBBBBBBBBBBBBBBBiBBBBiMBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
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BBBBBBBBBBBBBBBBBBBBBiBBBBBBBBBBft_^ 
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aaiiBBBBBaBBBBBBIBBBBBBBBBBBBBBBBBiEBiil 
BBBBBBIlBfBBBBBBEBBBaBBBBiBBBBBaiBBBBBBBI 

-““BBBBBBBBlBr" —-- 
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IBBv'fBBBjHBWBBBI 
liBBBBBBBBKiBBBI 

—:bbbbbbkwbbi 

IK^BaBBBaaBBI_ 

IB^BBBBBraBBBBBB 
WBnBBBBiBaBBiu 
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.BtMBBHBBBB 
IBBaBBBBBii 
iBaiBBBABBB 
!BaiK<iiraBB 
[BBBBSbBBBB 

__ ._ ... ._. _^BBBak'BBlBBl 

IBBBBBBBBBBBBBBBBBiaBBliBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaiBBBl.1BmiB 
iBBaBBBaBBBBBBaiBiiBiiiBBBBBBBBBBBBBBBBBBBBBBBiBBBBiEEBBBBii'BB 

_^EBBBBflBBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiBBiBiEBBBBBk'IBlB 

BaBBBBBiBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiBBBBBBBBklB 
BBBBiBBBBEBBBBBBBBBBiBiiBBBBBBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBkHW 
-^BBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBlB 


|8aSB888B8888BBBB888BBB88S8BB888B8B88&8BBBBBBBBBBBBBa|BB|.iBBi 

-=-=-“iBBBBBBBBaBBBBBlBBBBBBBiiBSBBtBB 

IBBBBBBiBEBBBBBBBBBBBBiBBakBBll— 



.bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 

aaBBBIBBaBBBiBBBBBBBBBBBBBBBBBiBiBI 
-—"BBBBBBBBBBBBBBBBBBBBBiBEBI 

bbbbbbbbbbbbbbbbEbbbbbbbbi 

BBBBBBBBBBBBBBBBBBBBBBBBBI 
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S bbbbbbbbb: 

BBBBBBBBB' 

IBBBBBBBBBB . 
^BBBBBBBBBBBBBI . 
■BBBBBBBBBfBBBBBB 

BBBBBBBBBMi- 

BBflflBBBBBflj^ 

SSBBBBBBBlSiaMIHaO' 

BBBBBBBBBBBBB—BBB iW I 

ssssssssssssrSaiiskH 
■"""^SKSSKSsssissss: 


- - 

BfBraBBI 
Ba»BBi|_ 

_ _ _ iBBBtlBBBlBtyil 

iSiisasaig»8s»ss88»iiiiHH« 

''«nB|i£BBBB»:BBBiBBK>i1BBflBBBBiB 
«9>BBini«s=aBkiiiiaBBMBgaBBBBii 

-"a IBBBBi;BBaiBBkHBBBBBii 

—jaaBBii«iBBBBsEw- 

aagrBBBMliKBBBBiftM, 

-iSBBMlBBi'fBBiinVll_ 

BKBflaBBBKBBiBi&VBBBI 

■akSEaBr- 



■BBtlBBai 


bbbbbbbbbbbbbb;__ 

BBBBBBBBBBBBBBBMBBaaa aBB B: 

ss8ssfisssisss5ne8n!U8i 

BBBBBBBBBBBBBBBBBBBBBiBI— 

BBBBBBBBBBBBBBBBiBBBBiBl .... . .. .. 

BBBBiBBBBBiBBBBBBBBBBBBBBBBBBBBBBaaBB aaa BaiBBBBKBBBI 

BBBflBSHBBBBBBBBBBBBBBUflflBSEBBSSnBEaBaBMi^BBik'BBBBllUIBniB 

^B»>58S8S8SSSS8KSSSRSSSHSiHSSSSSnBig5B:88!^^ 

'BBBBniBBBBBBaBBBBflBBBBBBiBBBBBHBBBBBBaiBaBK<|BBBMVBBBI 

-^BBBiflBBWBBBBBBBBBBBiBEiiiBBBBBBBflBBKBBiBBflB'BBBBB 

IBBBBBBiaaiBBiBBBBBBffBBBBBBBBBBlBiBBBKBUBBBBaWBB 

_IBBBBBBBiiflBBBBBiBBEBBBBBBBBBBBBiflBBBBBk^iBBiBnitBBB 

■BBBBBBBBBBBBBiiBBBBBBBBBBBWBBBBBBBBBBBBBBBBiBWBiBWI 
IBBBBBBBBBBBBBiiiiiBBiBBBBBBiiBBaBBBiiBBBBBBBBBBkBBlBiB' 
BBBBBBIBBBBiBBBBBBiiiBBBiBBiBBiBiBiiBBllBBBBBBBB^liBBB 



BBBBBBBBBBB)MiBB.1k«iB 

BBBBBBBBBBBiXBBBniliB 

BBBBBBBBBBiiVi.'«BBt'l1Bi 




IBBBBi _ 

bbbbbbbbbmbbbbbbbbbbbbbbbi__ 

IBBBBBBBBBBBBBBBBaBBBBBBflBBBBBBiBtW 
IBBBBiBBBBBBBBBiBBBBBBBBBiiBBBBEwiB 

_JBBBBBBBBBBBBBBiBBiBBBBiBBiBBBBBBBllB 

BBBBBBBBBBBBBBBBBBiBBBBBBBBBBBBflBBBBBBBBBBBBBBBBUBiBBH- 

BBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBiBBBBBBBBBBiBBBBBBBBBW 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiBBI 
BBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBIBBBUiiailiiBiaiamaBBBBBBBBEBBI 


iBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBW 

-BBBBBBBBBBBBBBBBBI 

BBBBBBBBaaBBBBai 


SllW~N0li031d3G 

! I I I i I I i I I i I I I I I i I I 




BBBBBBBBBBBBBI W' 
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4000 6000 8000 10000 12000 14000 16000 
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IBBI 


IBBI 


IBBBBI 


IBBBBBBBBBBBBBBBBBI 


■BBBBBBBBBI 


IBBBBBBBl 


m 


IBBBIBBBBBBBBBI 
-IBBBBBBBl 


■BBBBBBBBBI 


IBBBBBBBBBBBBiiBBBBBBBBBBBBBBI 

B ibbbbbIbbbubbbbbbbbbbbbbbbbbi 

IBBBBBiBBBiflBBBBBBiBBBBBBBBBBi 

BHiBBBBBBBBBBBBBBBr- - 

“ HBBBBBBBBBBBBBBBL_ 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

BBBBBBBBBBBBBBBBBBBBBBBBBiiBiBBBB 

-IBBBBBBBBiBBBBBB 

IBBBBBBBBBBBBBBB 


,_JBBBL_^ 

IBBBBBBBBBBBBBBBiiBBBBBI 
iBBBBBBBBBBBBBBBBiBBBBii 
iBBBBBBBBBBBBBBBBBBair 
iBBBBBBBBBBBBBBBBBBBr 

Ibbbbbbbbbbbbbbbbbibl_ 

Ibbbbbbbbbbbbbbbbbbbbbbi ^ 

Ibbbbbbbbbbbbbbbbbbbbbbbbbmbbbbh_^_ 

iBBBBBBBBBiBBBBBBBBBBBBBBBk.'iiBBBiBBBlBBBBBBBBBBBBBBBBBBBBL_ 

IflBBBBBBBBBBBBBBBBBBBBBBBBBMiBBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
iBBBBBBBBBBBBBBBBBBBBBBBBBBKiBfiliBBBBiBBBBBBBBBBBBaBBBBBBBBBBBBBBBBiiB 
-^BBBBBBBBBBBBBnBB--- -- - 


[nBBBBBBBBBi 

sssasssss! 

SSSf 

IBBI 


IBBBBBBBBBBBBBBBBBL 
IBBBBBBBBBBBBBBBBBBI 
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iBBBBBBBBBBBBBBBBI 

ISSbbbSSSSSbbbSSBi 
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BBBBBBBBBBBBBBBBBBBBBBBBBBBI 
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IBBBBI 


IBBBBBI 

IBBBBBI 

IBBBBT 

IBBBBI 


■i!!' 

liBBI 

IBBBI 


IBBBBBBBBBBBBI 


■BBBBBBBBBBI 


BBBBBBBBI 

BBBBBBBBI 


BBBBBi 


IBBBBBI 


BS88 


IBBBBBBBBBBBBBL_ 

IBk'BBBBBBBBBBBBBB 
IBBw^BBBBBKBBBBBr^ 

JBBB^BBBBBKBBBBI._ 

IBBBBBBBBBBBBBBBBBBBI 
-^BBBBBBBBB-BBBBBI 
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IBBI 


IBBBBI 


IBBBBBBBBI 


IBBI_ 

■BBBBBBBBBBBBBBBBBBBbBBBI 


IBBI 


IBBBBBBBBBBBI 


■flBBBB^BBBBBB^IBBBBBBnlBBBI 


IBBBBBBBBBBBBBBCBBBBBB^tBBBBBI 


IBBBBBBBBBBBBI 

IBBBBBBBBBBBBI 
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■9 
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SB 
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BBBBBBBBBBI 


_JB_ 

BBBBBBBBBBBBBBBBBBBI 


BBBBBBBBBI 
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BALUS'nC AND ENGINEERING DATA 
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» BBBBiBBBBaBaBBBBaBBBBaBBBaBBBBi 
BBBBBBBBBBBBBBBBBBBBBBBBBBBB iai 

S BriBBBBBBaBBBBBaiBBBBBiBBBBBBBBBBBBBBBBBEBiiB^ 
rBiBBBBBBflaBBlBaiBBBBBBBBBBBBiaiBBBBBBBBBBBBl 

~lSSS55SSSS5nSSS~- 

iBBBBBBBBiiBB'BSflSKBBBBBBBSBiBBBBBl 
IBBBBBBBBBBBBBiBB BB BBBBBBBBBBBBBBBl 

-"iBBBBBBBBBBBBlBBBBBBBBBBBBBBBBi 

_jiaBBBBBBBflBBBlBBBBEiBaBiBgmBal 

jBBBBBBBBBgBBBgjgBBBB^BiBlBBBBBfBBBBBBBBBBBBBBgBBlil 

_^J'iBBBBBBBBBBBBBBBBBBBBr 

aaaassassHri^assasssssss&KBKssi^^, 

■■■■■SBBBBaBBSBUBflflBBBBaBBflBBSBBBBBBBBflBBBBB&SBBBBSHBBBBBBBaaBBBBBL_ 

■BBBBBBBBBBBBBBB'’iBBBaBBBBaBBBBBBBBBBBBBBBBBBBBBBaBiBBBBBBBBBBBBBBaBaBB 
BBBBBBBflBBBBBBrir.BBBBBaBaMBBBBBBBBBBBaBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBB 
■■■■■■BBBBBBBB-J''iBBBBBBBB»BBBBBBBBBBBaBBBBBBBBBBBBBBiaBBBBEBBBBBBiB BBB 
flBBflBBBBBBBBBV.r.BBBBBBBBBiaBBBBaBBiBflaBBBBBBBBBBflBBEBBBBiBBBBflBBBBBBBBB 
BBBBBBBBaBBiari^BflBBBBBBBiBBBBBaBBBBflBBBBBBaBBBBEaBBBBiBBBBBBBBBBiBBBBa 
BBBBBBBBBBBflB/BnBBBBBBBBBBBBfBBBBBflBBBEBBBBBBBBaBBBBflBEaBBBBBBBBBBBBB 
BBBBBBIBBBBBririBBIBBBBBBEBagaBEaaBBBBEBBBBBBBBBBBBBaBBBBBaBBBaBBaaBBiBB 
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■111 
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SECTIQK V 
EFFECT DATA 

Paragraph 


Fragmentation - -- -- -- - — - 9 

Efiectiveness - jO 

Ricochet data - - ----— — 

Penetration --------— — -__ 12 


9. Fragmentation. The data on fragmentation of the 76-mm HE Shell M42A1 were taken from 
TM9-1907, "Ballistic Data, Performance of Ammunition" (Sep 1944) and Vol. m of "Terminal Ballistic Data" 
(Sep 1945). The initial fragment velor' ’ is 2,260 fps. 

a. Casualties. 


TABLE 40 
CASUALTIES 


Distance 
from burst 
(ft) 

Total number 
of effective 
fragments 

Average 
number of 
effective frag" 
menls per sq ft 

For the lightest 
effective fragment 
V/eight Velocity 
(oz) (fps) 

r 

N 

B 

m 

V 

20 

547 

0,109 

0.026 

1510 

30 

498 

DM‘i0 

0.C33 

1340 

40 

465 

0.0231 

0.040 

1220 

60 

409 

0.0090 

0.055 

1040 

80 

3'’0 

0.0046 

0.067 

943 

100 

331 

0.0026 

0.080 

862 

150 

282 

0,0010 

0,108 

742 

200 

244 

0.0005 

0.137 

8 b0 

300 

191 

0.0002 

C.197 

549 

400 

149 

0,0001 

0.275 

466 


21 
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BALUSTIC AND ENGINEERING DATA 


CASUALTIES 

0 * 



INCLINATION 0» 

HEIGHT OF BURST 0 FT 
REMAINING VELOCITY 0 FPS 




AT LEAST I HIT 
PER 4 SO FT 
AT LEAST I HIT 
PER 10 SO FT 


INCLINATION 30* 

HEIGHT OF BURST OFT 
REMAINING VELOCITY 815 FPS 


22 
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Perforation of 1/8-inch Mild Steel. 

TABLE 41 

PSLJORATION OF 1/8 m. MILD STEEL 

Average For the lightest 

Distance 

Total number 

number of 

effective fragment 

from burst 

of effective 

effective frag¬ 

Weight " 

Velocity 

(ft) 

fragments 

ments per sq ft 

(oz) 

(fps) 

r 

N 

B 

m 

V 

20 

284 

0.0565 

0.106 

1,860 

30 

242 

0.0214 

0.139 

1,740 

40 

205 

0.0102 

0.177 

1,600 

60 

151 

0.0033 

0.270 

1,400 

80 

113 

0.0014 

0.375 

1,270 

100 

90 

0.0007 

0.480 

1,180 

130 

64 

0.0003 

0.648 

1,080 

160 

43 

O.OCOl 

0.825 

1,020 

190 

28 

0.0001 

. 1.01 

963 
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BALUSTIC AND ENGINEERING DATA 


PERFORATION OF i/8-INCH MILD STEEL 



HEIGHT OF BURST OFT 
REMAINING VELOCITY 0 FPS 




AT LEAST I HIT 
PER 4 SQ FT 


■ AT LEAST I HIT 
PERiOSQ FT 


INCLINATION SO** 

HEIGHT OF BURST 0 FT 
REMAINING VELOCITY 815 FPS 


28 
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PERFORATION OF 1/8-INCH MILD STEEL 



iNCLINATlON 30* 

HEIGHT OF BURST SOFT 
REMAINING VELOCITY 815 FPS 
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BALUSTIC AND LNGINEERING DATA 
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FOR SHEU, HE. 76.MM M42A1 


EJLH 76-1-42 
1C. 12 


10. illf'^otiveness. The following data were taken from Vol. m of "T iraiinal Ballistic Data". They 
pertain to the 76-mm HE Shell M42AI with a PD^ TSQ or MT Fuze, fired at a muzzle velocity of 2,700 fps. 

NUMBER OF ROUl€)S REQUIRED AGAINST ENEMY ARTILLERY FOR 90% 

PROBABILITY OF AT LEAST ONE EFFECTIVE HIT IN AIMED FIRE 

Range Type of Fire 

yd Impa -.t _ Tiu ie_ Time and Impact 

2000 6 270 13 

5000 5n 130 87 

11. Ricochet Data. The foll'jwir.g data were taken from Vol. in of "Terminal Ballistic Data". They 
pertain to the 7C-mm HE Shell M42A1 with the PD Fuze M48 set for 0.05 sec delay, fired at a muzzle ve¬ 
locity cf 2j700 fps (the PL" Fuzes M48A1, M48A2 and M51A4 have 0.15 sec delay). 


TABLE 75 


PE in 


R'inge 

Angle of 
Fall 

Angle of Impact 
Recovery to Burst 

Height 
of Burst 

Height 
of Burst 

yd 

mils 

mils 

yd 

ft 

ft 

1,000 

8 

20 

40 

3 

0 

2,000 

20 

35 

33 

4 

1 

3,000 

38 

60 

26 

5 

j 

4,000 

65 

100 

21 

6 

1 

5,000 

106 

150 

16 

7 

1 

6,000 

163 

210 

12 ■ 

7 

2 

7,000 

233 

260 

9 

7 

2 

8,000 

315 

300 

6 

6 

1 

9.000 

407 

315 

4 

4 

1 


12. Penetration. The daca on penetration of ccncrete by the HE Shell M42B1 with the CP Fuze M78 
were taken from TM9-1907, "Ballistic Data, Performance of Ammunition". The data cxi penetration into 
medium earth and logs by the HE Shell M42A1 with the DP or CP Fuze were taken from Vol. m of ’’Termi¬ 
nal Ballistic Data". 
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BAL'JSTIC AND Ef-iGlNEERlNG DATA 


fcTOTAL NUMBER OF ROUNDS NECESSARY TO GBTm 90% 
PROBABILITY OF ENOUGH HITS TO MAKE A BREACH 
12 FT WIDE IN A CONCRETE WALL lOFT HIGH. 

GUN, 3-INCH,M5. MV*2800FPS 
GUN,76-MM, MIA2. MV» 2700FPS 
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BRLH 76-1-62 


I 


Ballistic Research Laboratories 
Handbook of Ballistic and 
Engineering Data for j mmunition, 

No. 76-1-62. 

BALLISTIC AND ENGINEERING DATA 
for 

Projectile, APC, 76-inin (3-inch), M62A1 
with 

Fuze, BD, M66A1 

Section Paragraph 

I General- 1 

n Description- 2-4 

in Interior ballistic data — 5 

IV Exterior ballistic data -- 6-7 

V Effect data- 8 

SECTION I 
GENERAL 

Paragraph 

Purpose --------------- — --- — -- 1 

1. Purpose, The purpose of this number of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics, ballistics, and effects of the 76-mm (3-inch) Armor-piercing Capped 
Projectile M62A1 with the Base Detonating Fuze M66A1, which contains a tracer composition. This infor¬ 
mation is collected from the drawings, reports, firing tables, and technical manuals pertaining to this am¬ 
munition. 


Ballistic Research Lab. 
Aberdeen Proving Ground, 
Maryland. 

3 February 1949 
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FOR PROJECTILE. APC 76-MM. M62A1 


BRLH / 6.1-62 
2-4 


SECTION n 
DESCRIPTION 


Paragraph 


Drawings - - - - - --—-— — -----... 2 

Dimensions - -- -- — - -- - — - __ 3 

Physical characteristics - -- -- -- — - 4 


2. Drawings. 


Projectile; Metal parts assembly and details 

75-2-292 

Fuze: Assembly 

73-2-178 

Details 

73-2-179 

Details 

73-2-180 

3. Dimensions. 


Fuze: Length (outside) 

0.42 cal 

Band: Distance from base 

0.274 cal 

Width 

0.346 cal 

Body: Cylindrical length 

1.82 cal 

Ogival length (outside). 

0.25 cal 

Radius of ogival arc 

1.273 cal 

Cap: Length (outside) 

0.40 cal 

Radius of ogival arc 

7.00 cal 

Windshield: Length 

1.92 cal 

Radius of ogival arc 

7.00 cal 

Length: Ogive 

2.57 cal 

Projectile without fuze 

4.39 cal 

Projectile and fuze 

4.81 cal 

4. Physical characteristics. 


Weight (standard) 

15.40 lb 

Base of projectile to center of gravity 

1.404 cal , 

Axial moment of inertia 

16.97 lb. in.' 

Transverse moment of inertia 

104.8 lb. in.2 
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BALUSTIC AND ENGINEERING DATA 




SECTION m 

INTERIOR BALLISTIC DATA 


Theoretical yaw in bore - - - - - 

5. Theoretical yaw in bore. 

Minimum 

Maximum 


Paragraph 

. 5 

8 min 
13 min 


SECTION rv 

EXTERIOR BALLISTIC DATA 

Paragraph 


Aerodynamic data - — - 6 

Firing table data - -- -- -- -- -- -- -- -- -- - — - -- -- - 7 


6. Aerodynamic data. 

a. Drag. The following results were obtained from resistance firings. 


Muzzle 

Drag 

Form 

Ballistic 

Drag 

Velocity 

Function 

Factor 

Coefficient 

Coef. 

fps 


i 

C 


2000 


1.052 

1.627 

0,157 

2600 


1.052 

1.627 

0.129 


b. Stability. Ballistic Research Laboratory Report No. 427, "Scability of 3-inch Armor-piercing 
Projectiles”, gives the results obtained from stability firings of the 3-inch APC Projectile M62 with BD 
Fuze M66A1 from the 3-inch Antitank Gun M5, whose twist of rifling is 1/40. The 76-mm Tank Gun wIlA2 
has a twist of rifling of 1/32. 


Muzzle 

Moment 

Stability Factor 

Velocity 

Coefficient 

Twist of Rifling 

fps 

M 

1/40 

1/32 

1600 

1.48 

1.09 

1.70 

2600 

1.41 

1.14 

1.78 
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FOR PROJECnLt ARC 76-MM, M62A1 


BRLH 76-1-62 
7 


7. Firing table data. 

Gun 76-mm M1A2 (Tank) 

Twist of rifling 1/32 

Muzzle Velocity 2600 fps 

FT 76-C-l 


3-inch M5 (Antitank) 

1/40 

2600 fps 

3-W-l 


OCM item 16167 standardized the 3-inch AP Projectile M62, which was later called an APC Pro¬ 
jectile. CKIM item 18656 authorized its use in the 76-mm Gun Ml. The 76-mm Guns Ml and MlAl, with 
1/40 twist, are now obsolete. 
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BALUSTIC AND ENGINEERING DATA 
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BALUSTIC AND ENGINEERING DATA 
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BALUSTIC AND ENGINEERING DATA 


SECTION V 
EFFECT DATA 


Paragraph 

Penetration - — - -- -- - — — - -- - — - — - -- -- -- - 8 

8. Penetration. 

a. Ballistic Limits of Armor Plate. 



Plate 


Ballistic Limit 

Number 

Type 

Thickness 

inches 

Obliquity 

degrees 

Type 

fps 

in 

Average 

Face 

3 

20 

Navy 

1742 

26 

Hardened 

3 

30 

Navy 

2027 

1 

Homo¬ 

3 

20 

Army 

1726 

2 

geneous 

3 

20 

Navy 

1852 

2 


4 

30 

Navy 

2391 

1 



k 


I 


b. Vulnerability of German Tanks (Panzerkampfwagen) 

MV: 2600 fps. These data were taken from TM9-1907, "Ballistic Data, Performance of Ammunition". 

Maximum Vulnerable Range - yd. 


Tank Model 

m 

IV 

VI 

Attack 

Angle - deg 

0 

25 

0 

25 

0 

25 

Frontal 

Turret Sides 

5000+ 

5000+ 

5000+ 

5000+ 

2880 

720 


Turret Rear 

— 

—— 



2880 

720 


Turret Front 

4020 

2930 

4220 

3080 

♦ 

♦ 


Upper Hull Front 

3230 

1740 

3300 

1740 

1020 

* 


Lower Hull Front 

2500 

118P 

3040 

1600 

* 

* 

Flank 

Turret Sides 

5000+ 

5000+ 

5000+ 

5000 

2880 

720 


Turret Rear 

5000+ 

5000+ 

5000+ 

5000+ 

2880 

720 


Turret Front 

4020 

2930 

4220 

3080 


* 


Upper Hull Sides 

5000+ 

5000+ 

5000+ 

5000+ 

2880 

720 


Lower Hull Sides 

5000+ 

5000+ 

5000+ 

5000+ 

3980 

3000 

Rear 

Turret Sides 

5000+ 

5000+ 

5000+ 

5000+ 

2880 

720 


Turret Rear 

5000+ 

5000+ 

5000+ 

5000+ 

2880 

720 


Turret Front 

4020 

2930 

4220 

3080 

* 



Upper Hull Rear 

3900 

2860 

5000+ 

5000+ 

2200 

550 


Lower Hull Rear 

4220 

3080 

5000+ 

5000+ 

2200 

550 


♦Not vulnerable. 
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CiPENETRATION - VELOCITY CURVES +4 
HOMOGENEOUS ARMOR PLATE 
NAVY CRITERION 


FROM voLm of'Terminalbalustic data' 
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ONE PERFORATION IN TARGETS OF 


GRADE A CONCRETE (5000 PSI) 


MV 2600 FPS 


- 5 . t 1 t • : t" » .. 

FOR PROJECTILE, APC, 76-MM, MS2AI 
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BALUSTIC AND ENGINEERING DATA 


f. Total Number of Rounds Necessary to Obtain 90% Probability of Enou^ Bits to Make a Breach 

12 Ft Wide In a Concrete Wall 10 Ft Hl^. From TM 9-1907, "Ballistic Data, Performance of Ammunition". 

MV 2600 fps 

Range 1000 yd 

* Wall thickness 6 ft 10 ft 

No. of rounds 100 180 
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Ballistic Research Laboratories 
Handbook of Ballistic and 
Engineering Data for Ammunition, 
No. 76-1-79 


Ballistic Pesearch Lab. 
Aberdeen Proving Ground, 
Maryland. 

4 February 1949 


BALLISTIC AND ENGINEERING DATA 
for 

Shot, AP, 75-mm (3-inch), M79 with Tracer 


Section Paragraph 

I General- 1 

n Description- 2-4 

HI Interior ballistic data- 5 

IV Exterior ballistic data- 6-7 

V Effect data. 8 


SECTION I 
GENERAL 

Paragraph 

Purpose ----- — 1 

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor¬ 
mation regarding th® shape, dynamics, ballistics and effects of the 76-mm (3-inch) Arm or-piercing Shot M79 
with Tracer. This information is collected from the drawings, reports, and firing tables pertaining to this 
ammunition. 


SECTION n 
DESCRIPTICHJ 


Paragraph 


Drawing-— .......... -... — _ — . 2 

Dimensions - -- -- -- -- -- -- -- -- -- -- -- -- -- -- - 3 

Physical characteristics - -- -- -- -- -- -- -- -- -- -- -- - 4 
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FOR SHOT., AP.. 76.MM. M79 
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2. Drawing. 


Shot: Metal parts assembly and details 

75-18-45 

3. Dimensions. 


Band; Distance from base 

0.257 cal 

Width 

0,336 cal 

Cylindrical body: Length 

1.844 cal 

Ogive: Lengtn 

1.189 cal 

Radius of arc 

1,667 cal 

Shot: Total Length 

3.033 cal 

4. Physical characteristics. 


V/eight (standard) 

15,00 lb 

Base to center of gravity* 

1.33 cal p 

Axial moment of inertia* 

15.90 Ib.in"^ 

Transverse moment of inertia* 

81.85 lb,in2 


♦Estimated on the basis of measurements of the 37-mm AP Shot M80, 

S3CTIOK in 

INTERIO V bALLISTIC DATA 


Paragraph 

Theoretical yaw in bore - 5 

5. Theoretical yaw In bore. 

Minimum 8 min 

Maximum 12 min 

SECTION IV 

EXTERIOR BALLISTIC DATA 


Paragraph 


Aerodynamic data - 6 

Firing table data - - 7 
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BALUSTIC AND ENGINEERING DATA 


8. Aerodynamic date. 

a. Drag. A form factor of 1.05 relative to Projectile Type 1 was determined from resistance firings 
at a muzzle velocity of 2600 fps. The corresponding oallistic coefficient is 1.59 on the drag function. The 
drag coefficient is 0.229 at 2600 fps. 

b. Stability. No stability firings have been conducted with the 76-mm AP Shot M79. The stability 
factor estimatea from that of the 37-mm Armor-piercing Shot M80 (Ballistic Research Laboratory Report 
438, 'Yaw and Drift of 37-mm Armcr-piercing Shots") at a muzzle velocity of 2600 fps and a twist of rifling 
of one turn in 40 calibers is 3.4. 

7. Firing table data. 

Gun 76-mm M1A2 (Tank) 3-inch M5 (Antitank) 

Twist of rifling 1/32 1/40 

Muzzle velocity 2600 fps 2600 fps 

FT 76-A-6 (p. 18) 3-T-l (Abridged) 

OCM items 17458 and 17523 recommended and approved calssification of the 3-inch AP Shot M79 
as substitute standard (the APC Projectile M62, which is more difficult to manufacture, is standard). OCM 
items 19052 and 19204 recommended and approved its use in the 76-mm Gun Ml. The 76-mm Guns Ml and 
MlAl, with 1/40 twist, are now obsolete. 

a. Form factor (Pi^ojectile Type 1): i^ = 1.05. 

b. Ballistic coefficient (Projectile Type 1): = 1.59. 
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BALLISTIC AND ENGINEERING DATA 
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SECTION V 
EFFECT DATA 


Peuetratioi. - - - - - 
8. Penetration. 


Paragraph 

8 


BALLISTIC LIMITS OF ARMOR PLATE 


Homogeneous Plate 

Ballistic Limit 

Number 

Thickness 

Obliquity 

Type 

fps 

in 

inches 

degrees 



Average 

3 

0 

Army 

1356 

2 

4 

0 

Army 

1719 

1 

3 

0 

Navy 

1512 

2 

4 

0 

Navy 

1911 

1 
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I- 


Shot, HVAP, 76-mm, M93 with Tracer 


Section Paragraphs 

I General- 1 

II Description- 2-4 

m Interior ballistic data- 5 

IV Exterior ballistic data —•> 6-7 

V Effect data . 8 


SECTION I 
GENERAL 

Paragraph 

Purpose - - -- -----r------'-'---- - — 1 

1. Purpose. The purpose of thio number of the haiidbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics, ballistics ard effects of the 76-mm Hypervelocity Arm or-piercing 
Shot M93 with Tracer. This information is collected from the drawings, reports, and firing tables pertain¬ 


ing to this a.mraunition and to earlier experimei.'tal models of the T4 series (the M93 Shot was designated 


I 


T4F20). 





SECTION H 
DESCRIPTION 


I Paragraph 

^ Drawings ----------- — — - 2 

I Dimensions — 3 


Physical characteristics - --- - — — . 4 





























FOR SHOT. HVAP. 76-MM, M93 


BRLH 76-1-93 
2-5 


2. Drawings. 

Metal parts assembly 
Metal parts details 

3. Dimensions. 


Band: Distance from base 

0.40 cal 

Width 

0.37 cal 

Base and body; Length of base 

0.86 cal 

Length of body and bourrelet 

0.83 cal 

Length of bourrelet ring 

0.17 cal 

Length of base, body and bourrelet 

1.69 cal 

Windshield: Length 

1.96 cal 

Radius of arc 

0.83 cal 

Vertical angle of cone 

28.68 deg 

Shot: Total length 

3.65 cal 

Core: Diameter 

1.50 in 


\ 

4. Physical characteristics. 


Weight of shot with tracer 

9.31 

lb 

Weight of shot without tracer 

9.30 

lb 

Weight of core 

3.95 

lb 

Base to center of gravity* 

1.178 cal » 

Axial moment of inertia* 

8.54 

lb. ill 

Ti'ansverse moment of inertia* 

44.2 

lb. in 2 


♦Calculated from the dimensions of the HVAP Shot T4E1, which is approximately the same shape as 
the M93 Shot, but weighs 9.97 lb and has a 3.98-lb core. 


75-2-361 
75-2-362 and 363 


SECTION in 

INTERIOR BALUSTIC DATA 

Paragraph 

Theoretical yaw in bore - -- - — — - •- — — — 5 

5. Theoretical yaw in bore. 

Minimum 8.5 min 

Maximum 13.6 min 
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BALLISTIC AND ENGINEERING DATA 


SECTION IV 
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6. Aerodynamic data, 
a. Drag. 


Shot 

T4E17 

M93 

Drag function 

«8 

«8 

Muzzle velocity 

3400 fps 

3400 fps 

Form factor (ig) 

1.175 

1.165 

Ballistic .coefficient (Cg) 

0.879 

0.888 

Drag coefficient (K^^) 

0.111 

0.110 

b. Stability. 



Shot 

T4E17 . 


Muzzle Velocity 

3440 fps 


Moment coefficient (Kj^) 

0.67 


Gun, 76-mm 

MlAl 

M1A2 

Twist of rifling 

1/40 

1/32 

Stability factor 

1.44 

2.25 


7. Firing table data. FT 76-C-l. MV 3400fps. 

Gun, 76-mm, M1A2. Twist of rifling: 1/32. The 76-mm Guns Ml and MlAl, with 1/40 twist, are now 
obsolete. 

Standardization of the 76-mm HVAP Shot M93 with Tracer was recommended by OCM item 26551 and 
approved by OCM item 26841. 

a. Form factor (Projectile Type 8)- ig = 1.175 

This value was determined by resisi.^.ce firings of the AP Shot T4E17 with a mean instrumental ve¬ 
locity of 3337 fps. 

b. Ballistic coefficient (Proj Type 8): Cg = 0.879. 


4 
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SECTION V 
EFFECT DATA 

Paragraph 

Penetration - -- -- -- -- -- -- — - -- -- -- -- — 3 

8. Penetration. The chart on page 8 was taken from Ballistic Research Laboratory Report No. 533, 
"Penetration of Armor by 76-mra and 90-mm HVAP Projectiles", 
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SECTION 1 
GENERAL 

Paragraph 

Purpose - 1 

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics, ballistics and effects of the 81-mm High Explosive Shell M43 with the 
Point Detonating Fuze M45 and the 81-mm High Explosive Shell M43A1 with the Point Detonating Fuze M52 
or M52A1. This information is collected from the drawings, reports, firing tables, and technical manuals 
pertaining to this ammunition. 
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Drawings - - - --- — - —-— - —-- 2 

Dimensions - -- -- -- -- -- -- -- -- - — 3 

Physical characteristics - -- -- -- -- -- -- -- -- -- — — - <4 
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2. Drawings. 


Complete round, HE Shell M43 with PD Fuze M45: 


Assembly and marking diagram 

Complete round, HE Shell M43A1 with FD Fuze M52: 

Assembly and marking diagram 

Shell: Metal parts assembly and details 

Fins: Assembly and details 

PD Fuze M45: Assembly 

PD Fuze M52 or M52A1: Assembly and details 

75-1-47 

75-1-88 

75-2-261 

75-2-262 

73-1-143 

73-1-161 

3. Dimensions. 


Fins: Number 

Length (omitting front slope) 

Length of assembly (outside) 

6 

0.66 cal 
0.96 cal 

Shell: Radius of arc behind bourrelet 

Radius of arc in front of bourrelet 

Length of rear part 

Length of bourrelet 

Length of front part 

Length of adapter (outside) 

Total length 

8.78 cal 
1.33 cal 
1.64 cal 
0.32 cal 
0.36 cal 
0.10 cal . 
2.42 cal 

Fuze: M45, outside length 

M52, outside length 

0.73 cal 
0.74 cal 

Length: Shell and fin assembly 

Shell, fin assembly, and fuze M46 

Shell, fin assembly, and fuze M52 

3.38 cal 

4.11 cal 

4.12 cal 

4. Physical characteristics. 


Weight (standard) 

Center of gravity to point of fuze 

Transverse moment of inertia 

6.92 lb 

1.92 cal _ 
68.97 Tb.in*^ 
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6. Firing table data. 

FT 81-B-? ar'-i FT 81-B-4 (abridged). 

Mortars, Bl-mm, Ml and M21; Mortar, Trench, 3-inch, Mark IA2. Smooth bore: muzzle loading. 
Projectile weight: 6.87 lb. OCM items 9909 and 10024 recommended and approved standardization of the 
HE Shell M43 for the 81-mm Mortar Ml. OCM items 11703 and 11767 recommended and approved slandardi- 
zatlo.-i of the HE Shell M43 for the 3-inch Trench Mortar Mark IA2 with charges 0 to 4, but not with the 
larger charges. OCM ilt mo 28162 and 28822 recommended and approved standardization of the HE Shell 
M4J .or the 8i * nm Mortar M21; OCM Item 31408 restandaraized it after further development of the mortar. 
FT 81-R-l (abridged) is a range-elevation table for the 81-mm Mortar T27, which is the M21 Mortar with- 
oji the EAenr-ion Tube and is us d with charges 0 to 3 at short ranges. 

a-. Form factor data. The following form factors relative to Projectile Type 1 were determined 
fr''m the ranges tabulated in FT 81-B-2 for an elevatlou of 45*. 



Form Factor 



0 235 .55 

1 332 .69 

2 419 .78 

3 499 .72 

4 572 .75 

6 638 .77 

6 700 .84 


b. Ballistic coefficient data. The following ballistic coefficients relative to Projectile Type 1 were 
determined from the ranges tabulated in FT 81-B-2 for an elevation of 45°. 


Charge 


0 

1 

2 

3 

4 

5 

6 


Muzzle Velocity 
fps 


Ballistic Coefficient 

C, 


235 

S32 

419 

499 

572 

638 

700 


1.230 

0.984 

0.861 

0.944 

0.906 

0.881 

0.802 
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BALUSnC AND ENGINEERING DATA 


) 



SECTION IV 
EFFECT DATA 

Paragraph 

' Fragmentation ---------- 7 

7. Fragmentation. The data on fragmentation of 81-mm HE Shell M43A1 were taken from "Terminal 
Ballistic Data", Vol. m. The initial fragment velocity is 3,930 fps. 

a. Casualties. 


TABLE 42 
CASUALTIES 


Distance 
from burst 
(ft) 

Total nmnber 
of effective 
fragments 

Average 
number of 
effective frag¬ 
ments per sq ft 

For the lightest 
effective fragment 
Weight VelTCity 
(oz) (fps) 

r 

N 

B 

m 

V 

20 

818 

0.163 

0.009 

2570 

30 

695 

0.0615 

0.014 

2060 

50 

645 

0.0321 

0.017 

1870 

60 

541 

0.0120 

0.027 

1480 

80 

459 

0.0057 

0.038 

1250 

100 

384 

0.0031 

0.051 

1080 

150 

267 

0.0009 

0.077 

880 

200 

169 

0.0003 

0.104 

758 

300 

76 

0.0001 

0.159 

611 
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BALLISTIC AND ENQNEERING DATA 


b. Perforation of 1/8-inch mild steeL 

TABLE 43 

PERFORATION OF 1/8 IN. MILD STEEL 

Average For the lightest 


Distance 

Total number 

number of 

effective fragment 

from burst 

of effective 

effective frag¬ 

Weight 

Velocity 

(ft) 

fragments 

ments per sq ft 

(oz) 

(fps) 

r 

N 

B 

m 

V 

20 

541 

0.108 

0.027 

2970 

30 , 

4'73 

0.0418 

0.036 

2670 

40 

407 

0.0202 

0.047 

2430 

60 

282 

0.0062 

0.073 

2090 

80 

164 

0.0020 

0.105 

1870 

100 

88 

0.0007 

0.146 

1720 

120 

58 

0.0003 

0.197 

1530 

140 

40 

0.0002 

0.258 

1420 

180 

23 

0.0001 

0.399 

1240 
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SECTION I 
GENERAL 

Paragraph 

Purpose-- — - -- -- — - 1 

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics, ballistics and effects of the 81-mm High Explosive Shell M56 with 
the Point Detonating Fuze M53, M53A1 or M52A1, and with the Time and Superquick Fuze M77. This infor¬ 
mation is collected from the drawings, reports, firing tables, and technical manuals pertaining to this 
ammunition. 


SECTION n 
DESCRIPTION 


Paragraph 


Drawings - -- -- — - - — — 2 

Dimensions - - — - -- - — - - — - — - - — 3 

Physical characteristics - -- -- - — - .- —- — — 4 
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2. Drawings. 


Shell: Metal parts assembly and details 

Fins: Assembly and details 

Increment, Propellant M2 or M2A1, and Holder: 
Assembly and details 

Fuze M53 or M53A1: Assembly and details 

Fuze M52A1: Assembly and details 

Fuze M77: Assembly 

Complete Round: Assembly and marking diagram. 
With Fuze M53 

With Fuze M77 

Ring for adapting shell to Fuze M77 

75-2-283 

75-2-277 

71-12-16 
73-] -165 
73-1-161 
73-3-171 

75-1-97 

75-1-197 

73-3-175M 

3. Dimensions. 


Fins: Number 

Length 

Length of assembly (outside) 

12 

0.549 cal 
1.693 cal 

Shell: Length of rear part 

Length of rear bourrelet 

Length of front bourrelet 

Length of ogival part 

Radius of ogival arc 

Total length 

1.196 cal 
0.395 cal 
0.304 cal 
0.684 cal 
1.997 cal 
4.539 cal 

Adapter: Length (outside) 

0.185 cal 

Ring: Length 

0.217 cal 

Fuze: Length (outside) of M53 

M53A1 

M52A1 

M77 

0.740 cal 
0.737 cal 
0.753 cal 
1.188 cal 

Length: Shell, adapter, and fin assembly 

Same with Fuze M53 

Same with Fuze M77 

6.417 cal 
7.157 cal 
7.637 cal 

4. Physical characteristics. 

With Fuze M53; Weight (standard) 

10.62 lb 


CG to juncture of adapter and fuze 2.324 cal* 

With Fuze M77: Weight (standard) 11.62 lb 


♦The National Bureau of Standards located the center of gravity of a projectile filled with carbon 
tetrachloride, whose specific gravity is 1.61 at 22°C (Lyman J. Briggs, "Report on Aerodynamic characteristics 
of the 60-mm Mortar Projectile M49A2 and the 81-mm Mortar Projectile M56", N.B. of S. VI-4/64, 1942). 
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SECTION m 

EXTEIUOR BALLISTIC DATA 

Paragraph 


Aercxlynamic data - 5 

Firing table data: PD Fuzes - -- -- -- -- -- -- -- -- -- -- -- 6 

Firing table data: TSC) Fuze - -- -- -- - — - 7 


5. Aerodynamic data. The aerodynamic coefficients shown graphically on page 4 were computed 
from the forces and torques measured by the Bureau of Standards in a wind tunnel at a velocity of 100 fps 
(see par, 4). 

6. Firing table data: PD Fuzes, 

FT 81-C-2. (Part I). 

Mortars, 81-mm, Ml and M21; Smoothbore: Muzzle loading. Projectile weight: 10.62 1b. CXM 
items 15627 and 15674 recommended and approved standardization of the HE Shell M56 with PD Fuze M53 
for the 81-mm Mortar Ml. OCM items 28162 and 28822 recommended and approved standardization of this 
ammunition for the 81-mm Mortar M21; OCM item 31403 restandardized it after further development of the 
mortar., FT 81-Q-2 (abridged) is a range-elevation table for the 81-mm Mortar T27, which is the M21 
Mortar without the Extension Tube and is used with charges 1 and 2 at short ranges. OCM items 24288 and 
24598 recommended and approved the classification of the PD Puze M52A1 as suostitute standard for the 
HE Shell M56. 
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SECTION W 
EFFECT DATA 


Paragraph 

Fragmentation - 8 

Penetration - -- -- -- -- -- -- -- — — - -- -- -- -- -- 9 

8, Fragmentation.- The data on fragmentation of the 81-mm HE Shell M56 were taken from TM9-19C7, 

"Ballistic Data, Performance of Ammunition" (Sep 1944) and Vol. HI of "Terminal Ballistic Data" (Sep 1945). 

The initial fragment velocity is 6,180 fps, 

a. Casualties. 


TABLE 44 
CASUALTIES 


Distance 
from burst 
(ft) 

Total number 
of effective 
fragments 

Average 
number of 
effective frag¬ 
ments per sq ft 

For the lightest 
effective fragment 
Weight Velocity 
(oz) (fps) 

r 

N 

B 

m 

V 

20 

2580 

0,513 

0.004 

3860 

•• 3C 

2060 

0.182 

0.006 

3150 

40 

1680 

0.0836 

0.008 

2720 

60 

906 

0.0200 

0.014 

2060 

LO 

614 

0.0076 

0.021 

1680 

100 

412 

6.0033 

0.029 

1430 

150 

170 

0.0006 

0.056 

1030 

200 

112 

0.0002 

0.080 

862 

300 

63 

0.0001 

0.128 

662 
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CASUALTIES 



INCUNATION 0* 

HB6HT OF BURST OFT 
REMAINING VELOCITY OFPS 


,UNE OF 
FIRE 


51 



0* GROUND • 



AT LEAST I HIT 
PER 4 SO. FT. 
AT LEAST I HIT 
PERK) SO. FT 


INCLINATION S9» 

HEIGHT OF BURST OFT 
REMAINING VELOCITY 459FPS 


[i] 
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b. Perforation of 1/8-inch mild steel. 


TABLE 45 

PERFORATION OF 1/8 IN. MILD STEEL 


Distance 

Total number 

Average 
number of 

For the lightest 
effective fragment 

from burst 

of effective 

effective frag¬ 

Weight 

Velocity 

(ft) 

fragments 

ments per sq ft 

(oz) 

(fps) 

r 

N 

B 

m 

V 

20 

1040 

0,208 

0.012 

4060 

30 

762 

0.0674 

0.017 

3580 

40 

583 

0.0290 

0.022 

3200 

60 

314 

0.0069 

0.035 

2700 

80 

193 

0,0024 

0,051 

2360 

100 

130 

0.0010 

0,071 

2110 

120 

76 

0.0004 

0.097 

1900 

140 

63 

0.0003 

0.128 

1780 

170 

40 

0.0001 

0.188 

1560 
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PERFORATION OF 1/8-INCH MLD STEEL 



INCLINATION 0* 

HEIGHT OF BURST 0 FT 
REMAINING VELOCITY OFPS 



0* GROUND • 


ATUEASriHIT 
PER 4 SO FT 
AT LEAST! HIT 
PER 10 SO FT 


INCLINATION 64® 

HEIGHT OF BURST 0 FT 
REMAINING VELOCITY 459 FPS 
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Ballistic Research Laboratories 
Handbook of Ballistic and 
Engineering Data for Ammunition, 
No. 81-1-57 


Ballistic Research Lab. 
Aberdeen Proving Ground, 
Maryland 
8 February 1949 


BALLISTIC AND ENGINEERING DATA 
for 

Shell, Smoke, 81-mm, M57 
with 

Fuze, PD, M52 or M52A1, and Fuze, TSQ, M77 


Section Paragraphs 

I General - 1 

n Description - 2-4 

III Exterior ballistic data- -5-8 


SECTION I 
GENERAL 

Paragraph 

Purpose - -- -- -- - — - — 1 

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics and ballistics of the 81-mm Smoke Shell M57 with the Point Detonating 
Fuze M52 or M52A1 and with the Time and Superquick Fuze M77.. This information is collected from the 
drawings, reports, and firing tables pertaining to this ammunition. 


SECTION n 
DESCRIPTION 


Paragraph 


Drawings — — — - -- — - 2 

Dimensions - -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 

Physical characteristics - -- -- -- -- -- -- -- -- -- -- -- -- 4 
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SHELL,SMOKE, 8I-MM,M57 
FUZE,TS0,,M77 


ALL DIMENSIONS IN CALIBERS 
I CALIBER* 3.189“ 


2 




















2. Drawings. 

Shell: Metal parts assembly and details 

Fins; Assembly and details 

Increment, Propellant, M2 or M2A1, and Holder; 

Assembly and details 
Fuze: Assembly and details 

Complete Rounds: Assembly and marking diagram. 
With Fuze M52 and FS 
With Fuze M52 and WP 
With Fuze M77 and FS 
With Fuze ^7 and WP 
Ring for adapting shell to Fuze M77 

3. Dimensions. 

Fins: Mumber 
Length 

Length of assembly (outside) , 

Shell: Length of rear part 

Length of rear bourrelet 
Length of front boiirrelet 
Length of ogival part 
Radius of ogival arc 
Total length 


75-2-284 

75-2-277 

71-12-16 
73-1 -161 

75-1-94 
75-1-93 
75-1-198 
75-1 -199 
73-S-175M 


12 

0.549 cal 
1.693 cal 

1.196 cal 
0.395 cal 
0.304 cal 
0.684 cal 
1.997 cal 
4.539 cal 


Adapter: Length (outside) 


0.185 cal 


Ring: Length 0.217 cai 

Fuze: Length (outside) of M52 0.740 cal 

M52A1 0.753 cal 

M77 1.188 cal 


Length: Shell, adapter, and fin assembly 6.417 cal 

SaiTie with Fuze M52 7.157 cal 

Same with Fuze M77 7.637 cal 


4. Dhysfcal characteristics. 

a. Chemical charges. 

(!'• Fuming Spray: A liquid, which turns to smoke when released. 

(2) White Phosphorus: A pale yellow solid. A layer of 1/8 inch of water is included in the char<^e. 
When released, this forms a white smoke, which is poisonous. 

b. Weights. The standard weights of the fuzed projectiles are: 


Charge Fuze M52 Fuze 1A77 

FS 11.86 lb 13.03 lb 

V/P 11.36 lb 12.53 lb 
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B>JXISTIC AND ENaNEERING DATA 


SECTION in 

EXTERIOR BALLISTIC DATA 

Paragraph 


Aerodynamic data - — - ------ 5 

Firing table data (FS) ; PD Fuze - --*-- 6 

Firing table data (WP); PD Fuze -— — —---- 7 

Firing table data (WP): TSQFuze - -- -- -- -- -- - — - s 


5. Aerodynamic data. Since the Smoke Shell M57 has the same shape as the High Explosive Shell 
rt/!56, its drag coefficient and cross wind force coefficient should be the same. These are given in OH 81-1-56. 
The position of the center of gravity and consequently the moment coefficient may be different with the chemi¬ 
cal charges from what they are with the high explosive charge; they have not been measured with the chemical 
charges, 

6. Firing table data (FS): PD Fuze. 

FT 81-C-2 (Part 2) 

Mortars, 81-mm, Ml and M21. Smoothbore: muzzle loading. Projectile weight: 11.86 1b, OCM 
items 15627 and 15674 recommended and approved standardization of the Smoke Shell M57 with PD Fuze 
M52 for the 81-mm Mortar Ml. OCM items 28162 and 28822 recommended and approved standardization 
of this ammunition for the 81-mm Mortar M21; OCM item 31408 restandardized it after further development 
of the mortar. FT 81-Q-2 (abridged) has a range-elevation table for the 81-mm Mortar T2'7, which is the 
M21 Mortar without the Extension Tube and is used with charges 1 and 2 at short ranges. 
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SECTION I 
GENERAL 

Paragraph 

Purpose - - - - - ----- - — - - — — 1 

1. Purpose. The purpose of th’s number of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dy.narr.ics, ballistics, and effects of the 90-mm Armor-piercing Shot T33 with 
Tracer. This information is collected iroxn the drawings, reports, firing tables, and technical manuals 
pertaining to this ammunition. 
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SECTION n 
DESCRIPTION 


* Paragraph 

Drawings — . _ . - - 
Dimensions - — - - - 
Physical characteristics 


2. Drawings. 


Shot: Metal parts assembly and details 

Body 

Windshield 

75-2-388 

75-18-44A 

75-18-51A 

3. Dimensions. 


Band: Distance from base 

Width 

0.282 cal 
0.336 cal 

Body: Cylindrical length 

Ogival length 

Radius of ogival arc 

1.951 cal 
0,829 cal 
1.496 cal 

Windshield: Length 

Radius of ogival arc 

1.946 cal 
9,0] 5 cal 

Length: Ogive 

Shot 

2.207 cal 
4.168 cal 

4. Physical characteristics. 


Weight (standard) 

Base to center of gravity 

Axial moment of inertia 

Transverse moment of inertia 

24.06 lb 
1.241 cal „ 
35.64 Ib.m 
191.4 lb.in2 


SECTIW in 

INTERIOR BALLISTIC DATA 


Ppragraph 

Theoretical yaw in bore - -- -- — - ---- - — - - 5 

5. Theoretical yaw in bore. 

Minimum 3.0 min 

Maximum 5.5 min 
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SECTION IV 

EXTERIOR BALLISTIC DATA 


Paragraph 


Aerodynamic data - - - - - - - ---- 5 

Firing table data - -- — - - - - --- - — - . 7 


6. Aerod3mamic data. 

a. Drag. The following data were obtained by resistance firings (see Ballistic Research Laboratory 
Memorandum Reports 336, "Ballistics of 90-mm AP Shot T33", and 347D, "Stability Factor of 90-mm Shot 
T30E15, and Form Factors of 90-mm Shot T30E15, APC Projectile M82, and AP Shot T33"). 


Velocity 

Drag 

Form 

Ballistic 

Drag 

fps 

Function 

Factor 

Coefficient 

Coefficient 

2666 

^6 

1.01 

1.90 

.121 

3029 

«7 

1.81 

1.81 

.108 


b. Stability. Ballistic Research Laboratory Memorandum Report 336, "Ballistics of 90-mm AP 
Shot T33", gives the results obtained from stability firings of this projectile from the 90-mm Cun Ml 


Muzzle velocity 2700 fps 

Moment coefficient 1.24 

Twist of rifling 1/32 

Stability factor 2.12 


7. Filing table data. FT 90-F-l 

Guns, 90-mm, Ml, MlAl, M2, M3 and M26. 

Twist of rifling: 1/32. 

Muzzle velocity: 2800 fps. 

Projectile Weight: 24.0 lb. 

QCM item 29999 recommended that the APShot T33 be classified as limited standard; by item 30181, 
it v;as made limited procurement type. 

a. Form factor (Proj Type 7). i„ = 0.97. 

b. Ballistic coefficient (Pro; Type '?); = 1.98. 


4 















































































































FOR SHOT. AP, 90-MM. T33 


BRLH 90.1.T33 
8 


SECTION V 
EFFECT DATA 


Paragraph 

Penetration - -- -- -- -- -- -- — - 8 

8. penetration. According to OCM item 26320, the 90-mm AP Shot T33 with a muzzle velocity of 
2800 fps will penetrate the front glacis plate of the German ‘Panther’ Ta:.k (Panzerkampfwagen V). The 
armor plate penetration — velocity curves, taken from Vol. Ill of "Terminal Ballistic Data", are shown on 
the next page. 
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SECTICai! 
GENERAL 


Paragraph 

Purpose - - — - - --- - — - -- -- -- - i 

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics and ballistics of the 90-mm High Explosive Shell M58 and M58B1 
with the Mechanical Time Fuze M43A5. This information is collected from the drawings, reports and firing 
tables pertaining to this ammunition. 
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SBCTiCW n 

DESCRIPTICai 


Drawings - — -- 

Dimensions — - - — 
Physical characteristics 



2. Drawings. 

Shell: Metal parts assembly and details 75-18-39 

Booster M20: Assembly and details 73-2-112 

Fuze: Assembly and details 73-7-29 


3. Dimensions. 

Boattail: Angle 7°00' 

Length 0.60 cal 

Band: Width 0.34 cal 

Distance from base 0.74 cal 

Distance from boattail 0.24 cal 

Cylindrical body: Length 1,73 cal 

Ogive: Length 1.30 cal 

Radius of arc 8.95 cal 

Fuze: Outside length 1.05 cal 

Length: Shell 3.53 cal 

Shell and fuze 4.58 cal 

Ogive and fuze 2!35 cal 


4. Physical characteristics. 

Meanv;eight: Marking B 

Marking B B (Standard) 

Marking B B B 

Base to center of gravity* 

Asdal moment of inertia* 

Transverse moment of inertia* 

*From Ballistic Research Laboratory Report No. 165. 


20,67 lb 
21 . 001 b 
21.33 lb 


1.789 cal , 
0,2528 Ib.ft' 
2.499 Ib.ft^ 


3 


cq CO 








BALUSTIC AND ENGINEERING DATA 



BRLH 90-I-C8 
5 


A B 



DIAGRAM OF RESULTANT STRESSES 





.■ 


FOR SHELL HE 90.MM. MSS 


BRLH 90-1-58 
5-6 


SECTiOis m 

INTERIOR BALLISTIC />ATA 


g 


Paragraph 


Stresses-- - —---- — .. - --- 5 

Theoretical yaw in bore - -- -- — - -.- — — .-- 6 


5. Stresses. The following table and the graphical rep-esentatic:'' or. page 4 show the longitudinal, 
radial and tangential resultant stress at each of two sections: (A; the rear corner of the band seat and 
(B) the front of the band seat. 


Guns, 90-mm 
Twist of rifling 
Cross-sectional area of Pore 
Rated maximum pressure 
Total weight of projectile 
Muzzle velocity 
Density of filler (TNT) 


Ml, MlAl, M2 
1/32 

10.114 sq in. 
38,000 psi 
21.00 lb 
2,800 fps 

0.057 lb per cu in, 


I 


Resultant Stress* 
100 psi 

Longitudinal 

Radial 

Tangential 


Section 
A B 

-258 -512 

-r521 - 56 

-910 -1-515 


* + denotes tension, - denotes compressicji. 


6. Theoretical yaw in bore. 

3 min 
5 min 


141nimura 

Maximum 


SECTION IV 

EXTERIOR BALLISTIC DATA 

Paragraph 


Aerodynamic data - -- -- — - --— — - - — - -- _- _ 7 

Firing table data- --- — —--— - 8 
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t. AercMiynamic data. 

a. Drag. The trajectories for the 90-mm Guns MlAl and M2, or. antiaU-craft mounts, were based 
on the Gg drag function. The form factors, determined frorj range firings, are given in paragraph 8a. 

b. StabiUty. Ballistic Research Laboratories Report No. 185, "Stability of 90-mm Shell 1C", gives 
the results of stability firings of the HE Shell M58 (T3) with inert Fuse M48 from tte 90-mm Gim T2, which 
was rifled with a twist of one turn in 30 calibers. From these results, the following data were calculated for 
the HE Shell M58, with MT Fuse M43, fired from the 90-mm Guns Ml, MlAl and M2: 


Muzzle Velocity 

2800 fps 

Twist of rifling 

1/32 

Stability factor 

1.33 

Moment coefficient, K,, 

M 

1.10 


c. Drift. The defection due to drift, for a muzzle velocity of 2700 fps and a twist of ’ L/jig of one 
turn in 32 calibers, is tabulated in FT 90AA-A-1, Part 2, Tables C-1 and C-2. 

8. Firing table data. FT 90 aA-A-1 

Guns, 9C-rrm, Ml, MlAl and Mi on antiaircraft mount. 

Twivu of rifling: uniform 1/32. 

Muzzle velocity: 2700 fps. 

COM item 15648 standardized the 90-mm HE Shell M58 for the 90-mm Gun Ml. OCM item 158V8 
standardized the complete round, includii.g the HE Shell M58 and the Cartridge Case M19, for the 90-mm Gun 
Ml. Reclassification of the HE Shell M58 as limited standard v/as recommtnded by C>CM item 16844 and ap¬ 
proved by OCM item 16962. The characteristics of the 90-mm Guns MlAl and M2 are the snme as those of 
the 90-mm Gun l.il. 

a. Trajectory data. T r'.jectory and fizA uecter curves tor- a muzzle velocity of 2700 fps are given cn 
TC 90AA-A-1. With the tuzs sat 'safe 

Maximum horizontal range 17,580 yd 

Maximum ordinat-j; 12,375 yd 
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SECTION I 
GENERAL 

Paragrur.h 

Purpose -------------------------------- 1 

1. Purpose- 7 he purpose of this number of the handbook is to furnish a concise collecC:n :nf:r- 
mation regarding tnc- shape, dynamics, ballistics and effects of the 90-mm High Explosive Sl.c-ll i L'i ■> ...h 
the Mechanical Time Fuze M43A5, the Point Detonating Fuze M48, M48A1, M48A2 or I.iCl.Al, the 7:;re and 
Superquick Fuze M54, and the Concrete Piercing Fuze M78. This information is collected from the draw¬ 
ings, reports, firing tables, and technical manuals pertaining to this ammunition. 
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SECTION n 
DESCRIPTION 


Paragraph 


Drawings - - - - --—-2 

Dimensions - -- -- -- -- -- -- -- -- -- -- -- -- -- -- - 3 

Physical characteristics - -- -- -- -- -- -- -- -- -- -- -- - 4 


2. Drawings. 


Shell: Metal parts assembly 75-18-42 

Booster, M20A1; Assembly and details 73-2-112 

Booster, M21A4; Assembly 73-2-154 

Fuze, MT, M43A5: Assembly and details 73-7-29 

Fuze, PD, M48, M48A1 and M48A2: Assembly 73-2-140 

Fuze, PD, M51A4: Assembly 73-2-145 

Fuze, TSQ, M54: Assembly 73-3-154 

Fuze, CP, M78: Assembly and details 73-2-214 


Note: The MT, PD, and TSQ Fuzes require one of the Boosters; but the CP Fuze contains their 
working parts. The TSQ Fuze M54 and the Booster M21A4 are components of the TSQ Fuze M55A3, dwg 
73-3-155. 


3. Dimensions. 


Boattail: Angle 

Length 

7°00' 
0.50 cal 

Band: Distance from boattail 

Distance from base 

Width 

0.24 cal 
0.74 cal 
0.34 cal 

Cylindrical body: Length 

1.73 cal 

Ogive: Length 

Radius of arc 

1.30 cal 
8.95 cal 

Shell, unfuzed: Length 

3.53 cal 

Fuze, MT, M43A5; PD, M46, M48A1, M48A2 or 
M51A4; or TSQ, M54: 

Outside length 

Ogive and fuze 

Shell and fuze 

1.05 cal 
2.35 cal 
4.58 cal 

Fuze, CP, M78: Outside length 

Radius cf arc 

Ogive and fuze 

Shell and fuze 

0.75 cal 
2.26 cal 
2.05 cal 
4.28 cal 
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BALUSTIC AND ENGINEERING DATA 


4. Physical characteristics. 


a. MT, PD and TSQ Fuzes, The weight, location of center of gravity, and moments of inertia of the 
HE Shell M71 with any of these fuzes are approximately the same as those of the Shell M71 (T81 with the 
MT Fuze M43, which are tabulated below. 


Mean weight: Marking g 23,07 lb 

Marking g g (standard) 23.40 lb 

Marking 0 0 0 23.73 lb 


Base to center of gravity 
Axial moment of inertia 
Transverse moment of inertia 


1.742 cal p 
0.2753 Ib.ft 
2.627 Ib.ftS 


b. CP Fuze. The HE Shell M71 with the CP Fuze weighs 0.34 lb more than with the other fuzes. 
Its other characteristics would also be slightly different, but have not been measured. 


SECTION in 

INTERIOR BALLETIC DATA 


Paragraph 


Stresses - - ----- 5 

Theoretical yaw in bore - -- -- — - - --— - — 6 


5. Stresses. The following table and the graphical representation on page 5 show the longitudLnal, 
radial and tangeniial resultant stresses at each of three sections: (A) the rear corner of the band seat, 
(B) the front of the '^^nd seat, and (C) immediately behind the bourrelet. 


Guns, 90-mm 
Twist of rifling 
Cross-sectional area of bore 
Rated maximum pressure 
Total weight of projectile 
Muzzle velocity 
Density of filler (TNT) 


Ml, MlAl, M2, M3 
1/32 

10.114 sq in. 

38,000 psi 
23.40 lb 
2,700 fps 

0.057 lb per cu in. 


Resultant Stress* Section 


100 psi 

A 

B 

C 

Longitudinal 

-192 

-345 

-310 

Radial 

+328 

- 53 

- 19 

Tangential 

-625 

+354 

+291 


* + denotes tension, - denotes compressicxi. 
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6. Theoretical yaw in bore. 

3 min 
5 min 

SECTION IV 

EXTERIOR BALLISTIC DATA 

Paragraph 


Aerodynamic data - -- -- -- -- -- -- -- -- -- -- -- -- -- 7 

Antiaircraft firing table data - -- -- -- -- -- - — - -- -- -- - 8 

Ground firing table data - --- —-- 9 


7. Aerodynamic data. 

a. Drag. 

(1) The antiaircraft trajectories were computed witn ‘he drag coefficient shown on page 7, which was 
determined by AA range firings of the HE Shell M71 with the MT Fuze M43A3 as explained in BRL Report 
No. 507, "The Experimental Basis and Computing Methods used in the Preparation of Firing Table FT 
90AA-B-3". The form factor relative to this drag coefficient is 1.000; hence the ballistic coefficient is 1.864. 

(2) The trajectories for the HE Shell M71 with the PD and TSQ Fuzes were based on the Gg drag 
function. The form factor and ballistic coefficient are shown in par. 9a and b; at the muzzle: 


Velocity 

2700 fps 

Ballistic Coef. Cg 

1.79 

Form Factor, ig 

1.C41 

Drag Coef. 

0.109 


(3) Comparative firings at 3° elevation showed that the range-elevation relation for the HE Shell 
M71 with the CP Fuze M78 could be obtained from that with the PD Fuze M48 by decreasing the muzzle 
velocity 27 fps and applying an effect equal to that of an increase of 12.16 per cent in air density. The 
numerical average of the effects due tc an increase and a decrease in density ^see par. 9n) was used for 
this purpose. 


Minimum 

Maximum 









































BRLH 90-1-71 
7-9 


BALUSTIC AND ENUNEERING DATA 


b. Stability. BRL Report No. 236, "Stability of 90-inni Shell T8", gives the results obtained from 
stability firings of inert-loaded Shell M71 (T8) with the MT Fuze M43 from the 90-mm Gun Ml: 


Muzzle Velocity 

2700 fps 

Moment coef. K„, 

M 

1.25 

Twist of rifling 

1/32 

Stability factor 

1.32 


c. Axial couple. BRL Report No. 408, "Loss of Spin and Skin Friction Drag of Projectiles", gives 
the results obtained from firings of a 90-mm HE Shell M71 with a radio spin sonde in a dummy fuze having 
the same shape as the MT Fuze M43: 


Average velocity 1640 fps „ 

Reynolds’ number (based on avg vel. and caliber) 2.95 x 10^ 

Axial couple coefficient, K. 0.0059 

Surface (without base) 149.3 sq in. 

Skin friction drag coefficient, C^p 0.00198 


8. Antiaircraft firing table data. FT 90AA-E-3. 

Guns, 90-mm, Ml, MlAl and M2 on AA Mounts. 

Twist of rifling: 1/32 
Muzzle velocity: 2700 fps 
Fuze; MT M43A5 

OCM items 16844 and 16962 recommended and approved standardization of the HE 
Shell M71. 

a. Form factor, i = 1.000 relative to the drag coefficient for the 90-mm HE SheU IvIVl (see p. 7). 

b. Ballistic coefficient. C = 1.864 relative to the drag coefficient for the 90-mm HE Shell M71 
(see p, 7). 

c. Trajectory data. A Trajectory and Fuze Setter Chart is included with the fii ing table.. With the 
fuze set ‘safe’: 

Maximum horizontal range 19,560 yd 

Maximum vertical range 13,426 yd 

9. Ground firing table data. 

FT 90AA-E-3, FT 90-C-3, and FT 90-F-l. 

Guns, 90-mm, Ml, MlAl, M2, M3 and M26 on AA Mounts, Gun Motor Carriages, or Tanks. 

Twist of rifling: 1/32. 

Muzzle Velocity: 2700 fps 

Fiizes: PD, M48, M-8A1, M48A2 and M51A4; TCQ, M54: and CP, M78 (except as noted, the data 
in this paragraph do not pertain to the CP fuze). 

OCM items 18696 and 18930 recommended and approved authorization of the HE Shell M71 v;ith 
the PD Fuze M48 for use with the 90-mm Gun Ml on a self-propelled mount. 
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SSSXSpnSSSSSiSmMSSSMSiiSSSiMra 

nSSSSSSS{ISSlMaiaB§!MBiiiS8B 



■■■■■■■■■■■I 
■■■■■■■■■■■I 
■■«■■■■■■ Bl 
BBBBBBBBBBr' 

SbbSbbSbSS^ 

BBBBBBBBBBBil 
BiBBBBBBil|il 

SSSSKBSSSbnBH 

ss»s:s8su:s:p 

BBBBBBBBBfBBaiBT' 
BBBBBBBBBliiBlUil 
bbbbBbbbbbbbbbbi 
BBBBBBBailBiiBil 


■aaaBaaaaaBBaBaaaBi 
iBaaaaaaaaBBBaaaaaaBL 
|Baaaaaaaaiiaa|aiaaia: 
iBaaaaaaaaBBanaaaaai 
laaaaaaawiiB^naaiBBB 
laaaaaaaaaiBiaaaaaaii 


_^aaai_ 

.jBBiiaaai 
■Bflaaaaai 

liBBBBBaai 
laBBaaiiaL 
aBBaanaai 
—^aBiaaai 
aaiaar 

BBBI 







:S555***| 

SBBiS 



BKBansaiimSSS 

laaaflaBaiiaawuaaaaaiaaaBaaaa 
iBBaiaBaiifaaaBaaBaafBaaaaBaB 
■aiiaaat’iaaaaaaiaaiaaaaaBaa 
laaaaaaai aaaa aMaaaaaaaaaaBBa 

IBBBBBBBIBBBBBBBBBBlBiBBBaBB 
IBBBBBBBBBBBBBBinaiBBBBBBBB 


[■BBBBBBBBBBBI 



iBBBBBi 





laBBBBBBBlIBBBBBaBBBBBI_ 

IBBBBBBBillBBBBBiBBiBaMnBBBa 
■aBBaaBai taaai a a a BaBBa aaa BBBl 
. JBBBBBiBBliBBBBBBBBBafiiiaBBB 
■BBaBBBflBBBBtlBBBBBBBBBBiiBBaBBBi 
iBBBBBBBBBBBillBMBBiBBiaBBBBBBBBI 
liBBBBBBBBBBBIMBBBBiBBiBBBBBBBBai 

-IBBBBBI IBBBBaBBBBBBaBBBI- 

iBBBBBi IBBBBBBBBBBBBBBBI 


IBBBBBI 

IBBBBBI 





BBBBBI . _ 

IBBBBB B B B BBBBBIIBL. 

bbb bb b b bbbBbiibbi 

BBBBBBBBBBBBIIBBI 

^IBBJ 






■BBBBBBBBBBBBBBBiiBBI 
IBBBBBBBBBBBBBBiifiBBI 

-"gagfr^ 


iBBBiipBBl 








IB BBB I 

IBBBBI 


2000 4000 6000 8000 10000 12000 14000 18000 18000 20000 
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rjm: 


*SSh& 

HiUBI 


laaaaBaaaaaaBaaaBBiBaBaalBiiBaaaaaBBai 

nBBBBBBBBiBBBBBflBBB BBBBBBklBBB BBBBBBI 


_ _ _ibb: 

BBBBBBBBBB. 
BBBBBBBnB'-.. 
BaBBBBBBBBBBI 
BnBBBBBBBBBI 
BBBBBBBBBBBBI 

_- 

BBBBBBBaBBBBBBBI 

SaBBlBliBBBI 
aBBBBBaaiflBfli 


IBBBaBBI._ 

iBBBBBBBBI 


■BBBBBBBBBBBBBBBBBBBBBBI__^_ 

■BBBBBBaBBEiIBBBBBBBBBBBBBBBBBBBiiBlBBriBBBBBB 
BBBBBBBBBBBftWBBBBBBBBBBBBBBBBaBBBBfBBUBBBBBB 
■BBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBaaBBBBBB, 
iBBBBBBBBBBBBBBBB.1BBBBBBBBaBBBBaBBBBBBBBfraBBBBBBl 

^BBlr- 


IBBBBBBBBBHBBBBBBBBBI 


B bbbi 

BBBI 


bbbbbi 


lUBBBBBBBI 


■aaBBBI 


I BBBI 


■BBBBBBaBBBa.«BBBaBBaBBBBBBBBBBaBBBViBI 

IBBBBBBBBBBBil BBBBBBBBBB BBBaBBBBBBBriBI_ 

___JBBBBBBBBBBBl'BBBBBBBBBBBBBBBBBBBBiflBBBBBBBB 

iBBBBBBBBBBBBaBBBaaBBBBBBBBaBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBtiBBBBBBBBB 
iBBBBBBBBBBBBBBaBBBBaBiBBBBBBflBBBBBBBlBflBlIBBBBBBBBBBBBBBBBBBBrJBBBBflBBBB 
IBBBBBBBBBBBBBBBBBBBB BBBBBBBBBB ftVBBBBBBBBBBBBBBBBBB BBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBV, BBBBBBBBBB. 
BBBBBBBBBB BBBBBBBBBB BBB BBBBBBB BlIBBBBBBBB BBBBBBBBBfi BBBBBBBBBBl 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBklBBBaBBBBBBBBBBBBBBBBaBaBBBBBl 
BBBBBBBBBBBBBBBaaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBVBBBBBBBBBBBl 
BnaaBBBBBBBaaBBBBBB BaBaaaBaaB BBkiBaaBBBB BBaaaBaarjBBBBaaBBi ~ 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBUBBBBBBaBBBBaBBB'nBBBBBBBt_ 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBB BBBBBBBBBB BBBBBBBBBBBBBmBBBBB BBBBBBBriBB BBBBBBBBBB 

-^BBBBBBBBlBB BBBBBBBBBB BBBBBBBBBB BBBBBBB'IBB BBBBBBBBBB 

BBBBBBBBBaBBBiBBBBBBBBBBk'BBBBBBBBBBBBBBBBBBBBBBBBBB 
■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBrjBBBBBBBBBBBBB 
JBBBBBBBBBBBBBBBBBBBBBBBBBIIBBBBBBBBBBBMBBBBBBBBBBBBB 

BBBBB BBBB BBBBBBBBBBBBBBBBBBBBBBBaBMBBBBBBBBBBB'BBBBBr- 

BBB B B BBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB,BBBBBI 
BBBaBBaBBaBaaBBBBBBBBBBBBBBBBBBBflBBBBBaBBBaBBrjBBBBBBBBBBBBBBl 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBUBBBBBBBBB’IBBBBBBBBBBBBBBl 

BBBBiflBBBBBBBBflBBBBBBBBBBBBBBBBBBBarBBBBBBBBBBBBBBBBBBBr- 

iBBBBBBBBBBBBBaaBBBBfBBBBBBBBBBBBBBBBBBBBBBBBriBBBBBBBBBBI 
iBBBBaBBBBBBaBBBBBBaBBBBBBBBBBBBBBBBB.1BBBBBBBrMBBBaBBBBBI 
BBBBBBBBBBBBBBB BBB BBBBBBBBBBBBBBBBBBBBBBBBBBMBBBBBBBBBI 
BBBBBaBaBBBBBBBBBBBBBBBBBiBBBBBBBBBB&'BBBBBBVBBBBBBBBBBBI 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBTiBBBBBBBBBBBI 
flBBBBaBBBBBBBBBBBBBBBBBBBBBBBBiBBBBBBklBBBBaiiBBBBBB BBBBBI 
BBBBBBBBBBBBBBBBBBBBBBBBBaBBBBiBBBBBBHBBBBBBBaaBBBBBaBBI 

IBBBBBBB'BB BBMBBaBBB BBBBBI 
IBBBBBBBBBBBriBBBBBBBBBBBBI 

__JBBBBBBBtlBBB'IBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBUBBBBBBBBBBBBBBBBI 

-^^BBBBBBBBBBBBBBBBBBBBBaBBBBBBBft'BBrfBBBBBBBaBBaBBI 

-9-BHBBBBBBBB BBBBBI 



iBBBBBBBI 
IBBBBBBBI 
iBBiaai 


IBBBI 


M S 

^ <0 


IBBBBBBBBBBBBBBBl 


BBBBBBBBBBBBI 


■BBBBBBBBBBBBBBBBBBBBBBBBMBI 




■BBBBBBB BBBBBBBI 
IBBBBBBBir- 


■ ■■■ 

E 


IBBBI 


I BBBI 


IBBI 


IBBBI 


iBBI 


BBBBBBBBBBBBBBBBBBBBiIBBBBBBBBB BBBBBBBI 
BBBBBBBBBB BBBBBBBBBi.nBBBBBBBBB BBBBBBBI 
-^BBBBBBBBBBBBBBrJIlBBBBBBBBBBBBBBBBI 

,i....bBKbBb.bb.«__ 


I BBBBBBI 


iBBBBBBBBBBBnMI 


iBBBBBaBBBB BBBBB BBBBBI 
I BBBBBBBBBB BBB IMBBBBBI 

IB^Sl 


IBBBBBBBB 
IBBBaBBBB 
IBBBBBBBB 
IBBBBBBBB ^ 

IBBBBBBBiBBBB BBB BBBBBBBBBBBBBBBBBBBBBatL_ 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBbMbBBBBBI_ 

-'I BBBBBBBBBB BBBBBBBBB B BHBB BBB BBBBBBBBBBBBB 

-'IBIlBBlIBBBBiBBBBBBBBBBBBB 

IBtlBBUBBBBBBBMBBBBBBBBB 


_IDI 

IBBBBBBBBBBBBBBBBBBBBBBBlIBBBBBBBBBBBBBL^-, 

-BBBBBBBBBBBBBIBBBBIIBBBBBBBBBBBBBBBBBI 

-BlIBBBBMBBBBBBBBBBBBB BBBB I 

BflBBBBUBBBBBBBBBBBBBBBBB: 

iBlIBBBBI bbbbbbbbbbbbbbbbb: 

aBBBaBBBBBBBlIBBBBIBBBBBBBBBBBBBBar 
nBBBBBBBBBBB’IBBBBBBmBBBBBBBBBflBI 
IBBBBiBBBBBBBBBBBBir 

j^^bbbbbbbbI _ _ 

iBBBBBaaB|_jBaaBBBBaBBBBB 
■BBBBBBBriBBB BBBBBBBBBB 
IBBBBBBBB^JbBB BBBBBBBBBB! 
IBlBBBBIBlIlBBaBBBBBBBBBBi 
BBBBBBIBBBBBBBBBBBBBBBBB 
aiBBBBlIBBBBBBBBBBBBBBiii' 

_____ __^^BMBBBItBBBBBBBBBBBBBr 

IBBBBBBBB BBB BB BBg^ BilBBBBlIBBBBBBBBBBBBBI 
IBBBBB BBaBB Sg^BHBBBBtlBBBBBBiBBBBBBI 
-- nailBBBB'IBBBBBBBBBBBBBI 

lai- 


IBBBBBBBBBBBBI 

jnSSSSwa^— 

IBbbbbbbbbbbbbBI_ 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 


BBB BBBBBBBBBB BBBBBBBBIIB BMBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBriBBlIBBBBBBBHBBaBBiBBB 
BBBBBBBBBBBBBBBBBBBBB'li BB BBBBBBBBBiBMBBBBB 
BaBBaaBBaBBBBBBBaBBBBBBBBBBBBBBBBBMBBDBBBB 

-BB BBBBBBBI-- 

BBBBBBBBBI 
BBBBBBBBBI 
BfliBiBBBBI 
BBBBBBBBBI 


IBBI 


IBBBBBBBBBI 

IBBBBBBBBBI 


IBBBBBBBBBBI 




IBBBBBBBBBI 

IBBBBBBBBBI 


IBBB BBB BBBBBBBBBBI 

IBBBBBBBBT- 

IBBBBBBBBBBBBBI 


iBBBBBi 


■BBBB! 


SB8 


IBBBI 


iBBBBBi 

ibbEbbi 
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BALUSTIC AND ENGINIERING DATA 


BBBBBBaaBBaBBBBBBBB.lBaaiBaBBBBBiBBiBaaBBBBBaBBBBBBIBBBaBBaBBBBBaiBni.._. 
BBBBBBBBBBflBBBBBBBBklBBaiinBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBj 
BaaBBaBBBBBBBBBaBBBl'BBBBBBBiBBBBlIBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBl 

BBBBBBBBBBBBBBBBBBBa«BaflBB.mBBBBBBBBBBBBBBBBBBBBBBBBBBBBfBB- 

BBBBBBBBBBBBBBBBBBBB<BBBBBtliBBBBBBBBBBBBBBBBaBBriiBBBBBBBBiBB 

BBBBBBBBBBBBBBBBBBBBrtBBBBBllBBBBBBBBBBBBBBBBBiBBlIBBBBBBBBBBflfl_ 

BBBBBBBBBBBBBBBBBBBBIBBBBBlBBBBBBIBBBaBBBBBBBBWIBBBflBBVBBBBBBBBBBBBBBir 

aBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBIBBBBiBBBBBBBBIBBBBBBI/BBBBBBBBBBr- 

BBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBlIBBiBBBBBBiBBBBBBBBBBriBBBBBBBBBBL_ 

aaaaaaaaaaaaaaaaaaaa ikiaaBaaiiBB aaai laBaaaaaaaaaBB aaaaBaB iBaaBa BBaBaaBaaB 
BaBBBaaaaaBaaaaBBBBBBtlBBBBBItiEBBailiBBBBaBBBBBBVBBiBBBBBBiBBBBriaBBBaBBBl 

BBBflBBBBBBBBBBBBBBiBBKiBBBBItBBBBBIliBBBBBBBBBBBIBBBaBBf.BBBr- 

BBBflBBBBBBBBBBBBBBBBBliBBBBIBBBBBItBBBBBBBBBaBBlIBBBBBBIir- 

iBBBBBMaBBBiBBBBaBBBBBBBBBBBBBBBBiaBBBBBBBiaBBlIBBBr- 


IBBBBB’JBBBBBBBB 


iBBBBl 

IbbbbI 


iBBBBi 

IBBr^ 

IbbbbI 
|bbbb| 
IbbbbI 
IbbbbI 
IbbbbI 
IbbbbI 


IbbbbI 


IBBBI 

Ibbbl, 

IbbbbI 

IbbbbI 


iBaaBi 

|BBBr 

Ibbbi 


IbbbbI 


IbbbbI 

|BBBr 

IbbbI 


IBBI 


_ ss&'i»as:fi88s:B8S8s 

BBBBBBBBBBlIBBBBBBBBflBIBBBBBBBBBBBBliBBBBBB'MBBBBB'IBBBBBBBBB 
IBBBBBBBB BBtlBBBBBJB BBBB BBBBBB BBBBaBliBBBBBB BBBBBBB BBBBBBBBBB 
IBBBBBBBBBBklBBBBBlIBBBaBBBBBBBBBBBBBliiBaBBBBBBBBBVBBBBBBBBBB 

-^BiaBiBBIlBBBBBIBBBBBBBBBBB'IBBBBBffaBBBBariBBflBBBBBBa 

-^BBB'IBlBBBBiBBi 


IBBBBBBBB BBIBBBBBIIBBBBBIBBBBB BBBBBB'IBBBBBffBBBI 
IBBBBBBBBBBBBBBBBlIBBBaB IBBBBBBBBBBBIBBIBBI IBBBI 
“-laiBBaar “ 


laaaaaaai 


laaaBMaBBiiaaaaBiaaaaai 

BBBBiIBBBBI'BBBBBIliiBBBI 


BBiiBaaBi 
BBtlBr 


liBBBB 


IBBBBBI 

IBBBBBi 


IBBBBBBBBBBBlIBBBBBBBBBBlIBBBBBBBBBBflBBBBBB'IBBBBBrBBBI._ 

IBaaBBBBBflBBlIBBBBBBBiBBlIBBBBBaBaaBBBBBaBBIBaiBBflBBBBaBBBBBa 
IBBBBBBBBBBBIBBBBBIBBBBlIBBBBBBBBBBIBBBBBBBBBBBWIBBBBBBBiBBB 
IBBBBBBBBaBBlBBBBB■BBBBlIBBaaBBBBaBIBBaBBIBBBBBB ■BBBBfBB BB BB 
IBBBBBBBBBBBBBBBBBilBBBBlIBBBBBBBBBBlIBBiBBIBiBBBBBBBBBiiBB BiB l 
IBBBBBBBBflBBBBBBBBilBBflniBBBBBBBBBBlIBBBBBIBBBBBMBBiiKBBBBB 
IBBBBBBBBBBBB^IBBBBlIBBBBlIBBBBBBBBBailBBBBBUBaBBBilBBB BiBB B BBB Bl 

-as—-iBMBBiMBMiiaaBBIBBBBBBBBBBUBiBBBUBBBaBnBBBBBiBBBBai 

'■aaaaaaiiaaBaaiiaaaaariBBBBaBaaaaaBi 


___ IBBniBBBBBIBI 

laaaaaBBaaaaBaiiBaBBBaaaaBBaaBBaBaaiiBBBaBaai 
iBaaaaBBaaBaBaiiBaBB Baaaa ■BaaaBaBaaiiBBBBBBBi 


iBBBaaaaaBBa 


BBa 


IBBBaaBBB 

IBBBBBBBBI 

IBBBBiiiB 


iBaBaBBBaflaaBaiiBaBBiaaaaiBaaBBaBaaiiBBBBiBaaaBiiBaBi 
IBBBBiBBBBBBBai'BBBBIBBaBIBBBaBaBaBiaBBBIBBBBBtlBBB' 

IBBBBaBBBBBBBBBBaaillBBBBinBBBBBBBBIBBBBlIBBBBBliBaB^.. _ .. . 

BBaBBaBBBaBBBBBaBBlIBBBailBBaBBBBaBIBBBBlIBBBBBraBaBBBBBBI 
aBBaBBBBBBBaBBIBBBlIBBBBlIBBBBBBBBBIBBaBIIBaBBBBBBBBBBBBBflB 
aBBBBBBBflBBBBailBBBIIBaBBlIBBaBBBBflilBBBBinBBBaBBBBiBBBBB^ 
aBBBBBBBBBBBBil1BBBIBBBBIIBBBBBBBBBBBBaBliaBBBV.BBaBBBBBBaK 
BBBaBaBBBBaBaBiiBBBBBBBBiiBBiBBBBaa Baa aB'i aBa Bi iaaa BBBBBBar*~ 

"liaa 

>aBiBBiBl.Baaii ■■BaBiaBBaailBar 

-^iaiBaaif Baaaa bbbbbbEbbbi 


_ ibiibbbbbbbbbbbbbbibbbbiibbbbbbbbbbi 

IBBBBBBBBIBBBBBBBBBBBBBBIliBBBBBBBBBn|i||BII!l!IIIBIBIBi! 


laBaBBBBBaBBBBBBaBBBaiiailBBBBBBBBaBBBBBBBBBiriBBaaBaBI 
IBBBaBBaBaBBBaBailBBBIliiBIIBaBaBaBBBBBafBBBBBi'IBBBaai— 

IBBBaBBBBBBBBaaBttBBBIWBailBBBaBaEaVBBBBBBBaaBaaBBBBl_ 

■BBaaBBaa BaBBBaakiaaaiiaBBiiaaaB bbbbi ibbbbiibbbbb aBBBaBBBBaBl 
IBBBBBBBBBBaaBBBaBBBtlBBBlIBBBaaBBBlIBBBBMiifSaiBBBBIBBaBBBi 
laBaBBBBaaBBBBBBBBUlIBWaBBBBBUlial^lir^ 


iBBBBBBBBaaaBI 

laBBaBBBBaBBBr 

IBBBBBBBBaiBBI 


tllBIK^il._ _ 

illB MrW lBBBBBBBBBBBBi 
11BiMlBBBBiBBBBaiBBBB 
laBaBB'IBBBBBBBBBBBBBBB 


BBBBBaBBBBBMlWBIiaWaBBBBBBBUBBBaBBBBBaBBBBBaBB BBBBM B 

BBBaBaBBBBaBBaBBBtlBiaaaBaBaBBlIBBilBBaBaBaBaBBBiBBBBBBBB 

iBBBBBaBaBaBBBBllBBIlBiBBaBBBaBB<aaBBIIBBBaVBBBBBBBaBBBBBBBB 


IBBBI 
laBBBBaaB BBaaBi 
IBBBBBBBB BBBBBI 

ibbbbEbbbbbbbbi 

iBBBBBBBBBBBBBL 
IBBBBBBBBBBBaBi 
IBBBBBBBB BBBBB| 


_JBBBBaBBBBl 

laBBBBBBBBBBBr 
laBBBBBBBBBaai 

___JBaBBBBaBBBBBI.^ 

._JBBBlBBBBBBaBBaaBBBBaBBa| 
Ibbbbbbbbbbbbbbbbbbbbbbbbbi 
iBBBBiiaBBBBBBfliBBBaBBBBBBl 
IBBBBBBBBBBBBBBBBBBBBBBBBBI 
iBBBBBBBBBBBBBBBaBBBBBBBBBl 


■lTaB«'BBB.iaBBBBaBaaaBIIBBBBriBBaBBaBaBaBBBaBa 
IkWBBBBBiaBBBBBBBBBBlIBBBBriBBBBBBBiBBBBBBBB 
'TBBBBBBUBBBBaBflBBBBflBflBBaBBBBBBBiBBBBBBBfl 
jaBaaBBUBBBBBBBBBBaiBBBBBBBBBBBBBBBBBBBBB 
IlIBBtIBBIIBai BBBB BBBBBB BB VMBBBBBBBBBBBBaBB 
IIIBaiiaBHiaBBBBBBBBBraBBBinBBBBBBBBBBBBBBBE 
.JaBBlIBBlIBBBBBBlBBBIBBBBfliaBBBBiaBBBBBBBBB 
IBBBBI WBUBBBBBBlIBBBIMBBaaBBBaBBBBBBBBBBBBi 
IBBiaEaaBUBBBBBBUBBBriBBafBBBBBBBBBaBBB BBa Bi 
IBBlIBBBBIBBBBBBflBBB'IBiBriBBBBBBBBBBBaBaBiBB 
IBBKaaaaBBBBBBailBBBaBBB'IBBBBI 
IBBBBBlIBBaBBBr 
■BBB1 

IBBBt'_ 

niBBMBI' 
iBBar- 
IBH' 


BBlIBBaBBBBBIIBaaBBBBaBBBBBBBBBBBBBBBBBB 
laiiaa BBB BaailBBIBBi VBBBBBBBaaBBBBBaBHB 
llBUBBaBBBBBaBBU BBB flBBBBBBaBBaBBB BBBBa a 

-IBBiiaBBriBMaiBlBBBBBBr- 

BBBBiBB’aBBfaiBmiBBBaBI 
IBBBBBBBaBBijBBaaBIBaaB' 


laaaaBBBi 

iBBaaiiBi 

IBBBBBBBI 


IBBBIlBBNBBBaBiaBBI 

aBBBliBBflBBaBBBBBBI 


_ _jB «i_ 

IBBai'BimiBBBBliBBflBBaBI 

.iM'BBBBBaiiBB'aaarjBi 

BlBBBBr- 


BBBBBBBBaa 
-iBU 


1*1 


*88888BBBBBBBBBBBBBBBBaBBBaBBBaBaBBBBllBaBBa'inr«BriBBBBBBBI_ 

.BBBBaBBBBBBBBaBBBBBBBBBBBBBaBBBBBBainWIBBBBSlBE'JBBBalHBBBBBI 

lBBaBBBBBBBBBBBBBBBBaBBBaBBaBaBBBBBBIWBHaaaaBaBa.BaBaBBBBBBBBI _— 

BBBBBBBBBBBaaBBBBBBBBBBBBBBBBBBBBBBaaBlIBBaBB BBriaaB aaBBB BBB aB laaBBBBljai 
laaBBaBaaBiBBBBaBBBBlBiBaB BBBB BBBEMBmBlIBBaB UBB aiBBBBBBB BBB BiBBaBBBBBBi 
jBBBaBBBBBBBBaBBBBBBBBBBBBBBaBBBiBianV 
iBBBflBaBBBBBBBBBBBBBBflBBBBaar - 


■ BBBianiilllBBIWIBfBBiBBBBBBBBBBBBBBBBBBaBa 
IBBBBBBMBBBlIBWiBBBBBBBBBBBBBaiaBBBBBaBa 


SaHVA~I03:l:ia 39NVH 

• ! ] I I I I I I i 1 I t i i I I i i 


2000 4000 6000 8000 1000 >2000 14000 16000 18000 






14000 16000 
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BALUSTIC AND ENGINETWNG DATA 


SECTION V 
EFFECT DATA 


Paragraph 


Fragmentation - -- -- -- -- -- -- - — — - 10 

Effectiveness - -- -- -- -- -- -- -- — .-. — — - H 

Ricochet data — --— - -- -- - —-— 12 

Penetration - - - - - - - - - - -- ______ 13 


10. Fragmentation. The data on fragmentation of the 90-mm HE Shell M7l. were t? ^en from TM9-.9C7, 
"Ballistic Data, Perfoimance of Ammunition" (Sep 1944) and Vol. Ill of "Terminal Ballistic Data" (Sep 1945), 
The initial fragment velocity is 2900 fps. 
a. Casualties. 

TABLE 46 
CASUALTIES 

Average For t.he lightest 


Distance 

Total numbei 

number of 

effective fragment 

from burst 

of effective 

effective frag¬ 

1^'eight 

Velocity 

(ft) 

fragments 

ments per sq ft 

(oz) 

(fps) 

r 

N 

B 

m 

V 

20 

668 

0.133 

0.015 

1990 

3u 

594 

0.0525 

0.022 

1640 

40 

547 

0.0272 

0.028 

1460 

60 

474 

0.0105 

0.041 

1210 

80 

427 

0.0053 

0.055 

1040 

100 

398 

0.0032 

0.007 

943 

150 

347 

0,0012 

0.094 

796 

200 

319 

0.0006 

0.120 

705 

300 

264 

0.0002 

0.180 

075 

500 

208 

O.COOl 

0.340 

418 


20 
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CASUALTIES 

0 * 



^^^a^HATI0N 0* 

HEK3HT OF BURST 0 FT 
REMAINING VELOCITY 0 FPS 


CT 




AT LEAST I HIT 
PER4S0FT 

AT LEAST! m 
PER 10 SO FT 


INCLINATION 30® 

HEIGHT OF BURST 0 FT 
REMAINING VELOCITY 947 FPS 


21 
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BALLISTIC AND ENGINEERING DATA 


CASUALTIES 

0 * 





INCLINATION 30* 

HEIGHT OF0URST 30 FT 
REMAINING VELXITY 947 FPS 


.IWE OF 
^iRT" 





AT LEAST I HIT 
PER 4 SOFT 

AT LEAST 1 MIT INCLINATION 30* 

PER 10 SOFT HEIGHT OF BURST 60 FT 
PERIOSOFT 

lATLEASTlHlT 947 FPS 


AT LEAST I HIT 
MilM PER^SOFT 


ROUND 











i] 




■■■■■■■■■■■■I 

■■■■■■■■■■■■I 

IBBk^BBBI 


■BBI 


■VB| 

inr 


IBBI 


IBBBBBI 


iBBBBflaaBB t^Baaaaaaaaai 
liaaaaaaaaacaaaaaaaaai 
iBaaBaaaaaaak'aaaaBaaBauaBBBi 
■aBaaBBaaaaaBk''aaBBBB aaaBaaBai 
, jaaaaaaaaalaaai^aaaaa aaaa aaa ai 
laaaaaaaaaaaaaBa^BBBB- 

IBB' 


■BBBBBBBBBBi 


IBBBI 


IBBI 


iBBI 


lii 


_^_BBBBI . 

BBBBBBBBBBBBBB'JI 


BBBBBBBBBBBBBBBBC<aiBBBBBBBaBBBBBBBBBBBBBBB’JI 
BBBBBBaBBBBBBBBBB^BBBBaBBBBBBBBBBBBBBaBBBriai 
BBBBBBBBBBBBBBBBBBK'IBBBaBBBBBBBBBBBBBBBBBB’jil 
BBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBfir-" 
BBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBai 
BBflBBBBBBBBBBBBaBBBBI^BBBiBBaaBBBBBBBBBBKBI 
BBBBBBBBBBiBBBBBBBBBBi.'lBBBBBBBBBBBBBBBBB'ir- 
BBBBBBBBBBBBBBBBBBBBBB.BBBBBBBBBBBBBBBBf.BI 
-BBBBBBBBBBBBVBBBBBBBBBBBBBBB'iBl 


IBBBBBBBBBBBBBI 


IBBBBBBwlBBBBBBBBBBBBBBBBI 


IbbbbbbbbbbbbbbbbbbbbbI 

BBBBBBfBBBBflBBIBBa 
BBBBBBBiBBaBaBBBBB 

_aBBBBBBBBBBBBBBBBBB-, 

iBBBBBBBBBBBBBBBBBBBBBBBBi 
IBBBBBBBBBBBBBBBBBBBBBBBl 


IbBBBBBBBBBBB BB BBBBBBBBBBi 
ibbbbbbbbbbbI 


Ibbbi 


UJ £ 

I o 


IBIIBI 

Ibubi 


Ibbbi 


IBBBBBBBBBI 

Ibbbbbbbbbi 

IBBBBBBBBBI 

IBBBBBBBBBI 
IBBBBBBBBBI 
BBBBBBBBBI 
BBBBBBBBBI 
BBBBBBBBr- 
BBBBBBBBI 
BBBBBBBBI 
BBBBBBBBI.^ 
BBBBBBBBBI 
Ibbbbbbbbbi 
BBBBBBBBBI 
HBBBBBBBI 
BBBBBBBBBI 
IBBBBBBBBBI 
IBBBBBBBBBI 
BBBBaBBBBI 
IBBBI 
_IBBBI 

Ibbbbbbbbbi 

Ibbbbbbbbbi 

Ibbbbbbbbbi 

Ibbbbbbbbbi 

Ibbbbbbbbbi 

Ibbbbbbbbbi 

Ibbbbbbbbbi 

Ibbbbbbbbbi 


Ibbbbbbbbbi 

iBBBBBBaBBI 

Ibbbbbbbbbi 


BBBBBBBBBI 

BBBBBBBBBI 

BBBBBBBBBI 

BBBBBBBBBI 

BBBBBBBBBI 


IBBB.BBBBBBBBBBl 
~ IBBb.'BBBBBBBBB.BI 
IBBBB.lBaBBBBBrMB 

IBBBBB.BBBBBBVBI 
IBBBBik'BBBBBrir 

IBBBBBB,'- 

IBBBBr 


IBIBBBB'JI 

in'BBBBai 

IBBBBaVill 


IBBBBB BBBBBBBB I 
IBBBBBBBBBBBBB' 
IBBBBB BBBBBBBB I 
IBBBBBBBBBBBBB I 
IBBBBBB BBBBBBBB I 

_IBBBBBBBBBBBBBB 1 

IBBBBBBBBBBBBBBBBBI 
^ JBBHMBBBBBBBBBBBBI 
i BBBBBBBBBBBBBBBBBBI 
IBBBBBBBBBBBBBBBBBB I 
_„ZZZniiBBBBBBBBBBBBBI 
.IBBBBBBBBBBBBBBBBBBB I 
|BB BBBBBBBBBB BBBBBBB~' 
IBB BBBBBBBBBBBBBBBBBB I 
IBBBBBBBBBBBBBBBBBBBBI 


■BBBBBBl 

^bbbbbbbI 
ibbbbbbbbI 

■BBBBBBBBI 
ibbbbbbbbI 
ibbbbbbbbI 


iBBBBBBBUBBril 
IBBBBBBBkBB'll 
iBBBBBBBBiWr 
iBBBBBBBtt'VI 

laBaBBBBBBliBaBBaBBaBBBBBBBBBBBBBBBBBI 
IBBBBBBBBBiJBBBBBBBBBBBBBBBBBBBBBBBBBI 
IBBBBBBBBBUBBBBBBBBBBBBBBBBBBBBBBBBBI 
IBBBBBBBBBlilBBBBBB BBBBBBBBBB BBBBBBBB i 
IflBBBBBBBBBl'BBBBBBBBBBBBBBBBBBBBBBBBI 
IBBBBBBBBBBBBaBaBBBBBBBBBBBBBBBBBBBB:' 
iaBBBBBBBBBi^1BBBBBBBBBBBBBBBBBBBBBBB„_^^_^ - 
IBBBBBBBBB BBL'BBBBB BBBBBBBBBB BBBBBBBB BB BBBBBBl 
IBBBBBBBBI BUBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
IBBBBaaBBI BBKlBaBBBBBBBBBBBBBBaBBBBBi.1BBBBBBBI 
IBBBBBBBBI BBB|''BBBBaBBBBBBBaBBBBBBBBBBBBBBBBai 

iBflaBBaBBIBBBklBBBaBBBBBBBBBBBBBBBBBBk?BBBBBB^_ 

iBBBBBBBBI BBBBIIBBB BBBBBBBBBB BBBBBBBBBB BBBBBBBBBB 
IBBBBBBBIBBBBB'BBBBBBBBBBBBBBBBBBBBBBBI.'BBBBBBBBBI 

- - -1 BBBBBBBBBB BklBBBBBBBB! 

■BBBBBBBBBBBBBBBBBBBB! 
IBBBBBBBBBBBBklBBBBBBB 



I BBBI 
BBBL 

*lBflBflBBBBBBBlnBBBI 
BBBBBBBBBB BBBBBBBBBM 

BBBBBBBBBB BBBBBBBBB 
BBBBBBBBBBBBBBBBBBB 
bbbbbbbbbbbbbbbbbbb 
BBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBB 


IBBBBBBBBBBBI 

IbbbbbbbbbbbI 


IBBBBBBBBB BBBBB.IBflBBBI 
IBBBBBBB BB BBBBBI1BBBBBI 
IBBBBBBBBBBBBBBBBBBBBI 
IBBBBBBBBB BBBBBBBB BBBI 
■BBBBBBBBBIBBBBBUBBBBI 
IBBBBBBBBBI1BBBBB1BBBBI 
IBBBBBBBBBIIBBBBBB.IBBBI 
IBBBBBBBBBI'BBBBBBUBBBI 
: JBBBBBBBBBBBBBBBB BBBI 
IBBBBBBBBBBklBBBBBB.IBBI 
IBBBBBBBBBBI'BBBBBB HBBI 
^ZZZZZZBBBBBBBBBBBIBBI 
iBBBBBBBBBBBBBBBBB BBBI 
iBBBBBBBBBBBBBBBBB BilBI 
IBBBBBBBBBBBBBBBBBBI1BI 
IBBBBBBBBBBBBBBBBB BB Bl 
IBBBBBBBBBBBBBBBBBBBBI 
IBBBBBBBBBBBBBBBBBBBill 

Ebbbbbbbbbbbbbbbbbbbiii 

iBBBBBBBBBBBBBBBBBBBIII 
iBBBBBBBBBBBflBBBBB BBIl 
iBBBBBBBBBBBBBBBBB BBBI 
IBBBBBBBBBBBBBBBBBBBBI 
IBBBBBBBBBBBBBBBBBBBBI 


_JBBBBBBBBBBBBBBBBBBBI 
■BBBBBBBBBBBBBBBaBBBBI 
^BBBBBBBBBBBBBBBBBBB I 
BBBBBBBBBBBr 


mg 




■ BBBBBBBBBB BBBklBBBBBB 
iBBBBBBBBBBBBBBBBBBBB I 
■BBBBBBBBBBBBBBBBBBBBI 

Ebbbbbbbbbbbbbbi^bbbbbi 

IBBBBBBBBBBBBBBBBBBBBI 

■ BBBBBBBBBB BBBBBCIBBBB: 

■ BBBBBBBBBB BBBBBIIBBBB 
H BBBBBBBBBBBBBBBBBBBB 

I BBBBBBBBBB BBBBBBiIBBB 
1 BBBBBBBBBB BBBBBBIIBBB 
IBBBBBBBBBB BBBBBBIIBBB 
IBBBBBBBBBBBBBBBBVBBB 
I BBBBBBBBBB BBBBBBB BBB 
IBBBBBBBBBBBBBBBBBBBBI 
1 BBBBBBBBBBBBBBBBB ar~ 
I BBBBBBBBBBBBBBBBB BB 
I BBBBBBBBBB BBBBBBBBBB 




IBBBBBBBBBBBBI 


BBBBBBBBI 

BBBiBBBai 

BBBBBBBBI 


IBBBBBBI 


IBBBBBBB 


IB BBB 

_Z“"IB 

BBBBBBBBBBBBB 


IBBBBBBBBBB BBBBBBB BBB 
IBBBBBBBBBBBBBBBBBBBB 
IBBBBBBBBBBBBBBBBBBBB 
I BBBBBBBBBB BBBBBBB BBB 


IBBBBBBBBBBBBBBBBBBBB 

“ZZZZZZZ 1 BBBBBBBBBB 

IBBBBBBBI I BBBBB BBBBB 

-liBI 


BBBBBBBBBBBBBBBBBBBB,. 

BBBBBBBBBBBBBBBBIIMK 






IBBBBBBBBBBBBBBBBBI 
~~IBBBBBBBBBBBBBBBr' 

_**** BBBBlBlill Bi’ 

IBBBBBBBBBBBBZ 

_^_J BBBBBBBBBBBBB 

ibbbbbbbbbbBbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 


IBBBBBBB BBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBI 
IBBBBBBBBBBBBBBBBB BBBaBBaBBBBBBBaBBBBBfiBBI 
IBBBaBBBBBBBBflBBBB BBBBBBBBBB BBBaBBBBBB BBB 
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BALLISTIC AND ENGINEERING DATA 


b. Perforation of 1/8-inch Mild Steel. 

TABLE 47 



PERFORATION OF 1/8 IN. MILD STEEL 


Distance 
from burst 
(ft) 

Total number 
of effective 
fragments 

Average 
number of 
effective frag¬ 
ments per sq ft 

For the lightest 
effective fragment 
Weight Velocity 
(oz) (fps) 

r 

N 

B 

m 

V 

20 

424 

0.0844 

0.057 

2,270 

30 

380 

0.0336 

0.075 

2,080 

40 

345 

0.0172 

0.095 

1,920 

60 

288 

0.0064 

0.147 

1,710 

80 

243 

0.0030 

0.210 

1,500 

100 

222 

0.0018 

0.287 

1,370 

120 

203 

0.0011 

0.377 

1,260 

150 

163 

0.0006 

0.519 

1,150 

200 

113 

0.0002 

0.772 

1,040 

275 

59 

0.0001 

1.16 

935 


24 



FOR SHELL HE, 90-MM M71 


PERFORATION 1/8-INCH MILD STEEL 


0 * 



INCLINATION 0* 

HEIGHT OF BURST OFT 
REMAINING VELOCITY OFr*S 



■ AT LEAST IWT REMAINING VELOCITY 947 FPS 

PER lOSQFT 






























FOR SHELL HE. 90.MM. M7I 
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SOOO 8000 ICOOO 12000 KIOCO 16000 18000 20000 


27 
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BALUSTIC AND ENGINEERING DATA 


11. Effectiveness. The following data were taken from Vol. Ill of "Terminal Ballistic Data"., They 
pertain to the 90-mm HE Shell M71 with an MT, PD or TSQ Fuze, fired at a muzzle velocity of 27D0 fps. 




NUMBER OF ROUNDS REQUP.ED AGAINST ENEMY .ARTILLERY FOR 90% 
PROBABILITY OF AT LEAST ONE EFFECTIVE HII IN AIMED FIRE 

Range Type of Fire 


yd 

Impact 

Time 

Time and impact 

2,000 

3 

260 

7 

5,000 

42 

360 

68 

10,000 

770 

1400 

730 


12. Ricochet Data. The following data were taken from Vol. HI of "Terminal Ballistic Data". They 
pertain to the 90-mm HE Shell 1/71 with tne PD Fuze M48 set for 0.05 sec delay, fired at a muzzle velocity 
of 2700 Ids (the PD Fuzes M48.A1, M48A2 and M51A4 have 0.15 sec delay). 


TABLE 76 


PE in 


Range 

Angle of 
Fall 

Angle Df 
Recovery 

Impact Height 
to Burst of Burst 

Height 
of Burst 

yd 

mils 

mils 

yd 

ft 

ft 

■ 1,000 

7 

20 

41 

2 

0 

2,000 

17 

30 

36 

3 

1 

3,000 

3C 

50 

32 

5 

1 

4,000 

47 

75 

28 

6 

1 

5,000 

69 

105 

23 

7 

1 

6,000 

98 

140 

19 

8 

2 

7,000 

136 

180 

15 

8 

2 

8,000 

187 

230 

12 

8 

2 

9,000 

249 

270 

9 

8 

2 

10,000 

314 

300 

7 

e 

2 


13. Penetration. The data on penetration of concrete by the HE Shell M71 with tie CP Fuze M78, 
fired at a muzzle velocity of 2700 fps, were taken from TM 9-1907, "Ballistic Data, Performance of Am¬ 
munition". The data on penetration into medium earth a.id logs by the HE Shell M71 with any DP or CP 
Fuze, fired at a muzzle velocity of 2''/0& fps, were taken from Vol. Ill of "Terminal Ballistic Data". 



28 
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BALLISTIC AND ENGINEERING DATA 


b. TOTAL NUMBER OF ROUNDS NECESSARY 
TO OBTAIN 90% PROBABILITY OF ENOUGH HITS 
■ TO MAKE A BREACH 12 FT WIDE IN A CONCRETE WALL 

lOFT HIGH 


gSw wf ■■itw wmmmmmmSiSBSmBBBBSSBBSSSSBSmSsSsBmBSSSBSSSiBSSSBSSS SS S 
BBBBB ^BB BBBBwBBwSBBBfiwBjSSBBBBBBBBSBBBBSBBBBSBBBSBBBBBBB BB BBBBBBBBSBSB 

■■■gggggggag5SSSMMBSSgBS55SaSg555 S3B SS5SS 5S5SBaSBBB aa5BSBg8558SSSBSSS 
amWMlBMBBiMMMM W wBBamWiMlWMW W WM Wl WMWBf mmmmmmmmmmBBSBSBBSSBBSS BSSB8 

g B 5 gggggggsgggg Ml ■■■■■■ ■■■■■ ■■■ «■■ 

■■■■-- BsSaaaSS aBSgaa 

■■l!!llliiBianilBfl^BinBnBlia|H^MBBaaHHBaBnBBBBna5SnSBSSSSSSSS8 


._BBBBBaBBaaaBBBBBBI 

faBniiinr- 

JniBraBBM 

uiiiaiiiiBissi 


iBBaBaa! 


aapcai’i 

^aaai 


IBBBaBBaaaaBBaBBBBBBBI 


iffBBBBnnUiBBBBliBBBBiBBI 


IBBBBBBI 


40|S 

3=5 

30 

30 : 


20i£ 

- OQ 




l==5=5555=5=a555555555S555555B5555S5iii55j 




MMiBBlia aaBBBBM VMBiBBaBaBMMBM MMIBBMBBMBbbB M 
Bi lBBBg tMfBBIBlgi ^Bf »Ba aB» aa i^ MBaMBiBBBB»MB1 

'SBSSBBSiSBBBBI 




I^SBmSBBBBBSSBSSBSBi 


■■—■■■■■ ■ •I 


waHUBtMMivaaMa 


sSsiSSaiSSsSs: sSMsil 





iissa^ isiiilsirsiis iaSSislsssSiliaSa 


IBSSSBBSI 


Hi 


m 



i^BBSSBBSSi 

■■■ MMiBair-' 


SSHm 

niBBlBI 






3000 


4000 
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BALLISTIC AND ENGINEERING DATA 
for 

Shot, AP, 90-mm, M77 
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V Effect data . 8 


SECTION I 
GENERAL 

Paragraph 

Purpose - 1 

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics, ballistics, and effects of the 90-mm Arm or-piercing Shot M77 with 
Tracer, This information Is collected from the draw mgs, reports, and xirir.g tables pertaining to this am¬ 
munition. 


SECTICH^ n 
DESCRIPTION 


Paragraph 


Drawmgs - - — --2 

Dimensions - - — 3 

Physical characteristics - - --— - — 4 


1 
























FOR SHOT, AP. 90-MM. M77 
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2. Drawings. 

Shot: Metal parts assembly and details 75-18-14 

3. Dimensions. 

Band: Distance from base 0,282 cai 

Width 0.3.?e cal 

Cylindrical body; Length 1.951 cal 

Ogive: Length G.C29 cai 

Radius of arc, 1.496 cal 

Shot: Total length 2.780 cal 


4. Physical characteristies. 

Weight (standard', 23.40 lb 

Base to center of gravity^ 1.22 cal g 

Axial moment of inertia* 34.6 Ib.rn 

Transverre moment of inertia* 152 Ib.in^ 

♦Estimated on the basis of measurements of the 37-mm AP Shot M80. 


SECTION m 

INTERIOK BALLISTIC DATA 

Paragrapn 

TheoreHcol yaw in bore - 5 

3. Theoretical yaw in bore. 

Minimum 3.0 min 

Maximum 5.5 min 


3 
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BALUSnC AND ENGINEERING DATA 


SECTION IV 

EXTERIOR BALLISTIC DATA 

Pa ragraph 


Aerodynamic data - -- -- -- -- -- -- -- -- -- -- -- -- -- - 6 

Firinc’ table data - -- -- -- -- -- -- -- -- -- — - -- -- -- 7 


6, A.erodynamic data. 

a. Diag. The form factor relative to Projectile Type 1, determined from resistance firings, is 1.19, 
T.be corresponding ballistic coefficient is 1.564 on the drag function. The drag coefficient is C.256 at a 
velocity of 2700 fps. 

b. Stability, No stability firings have been done with this projectile. The stability factor, estimated 
from that of the 37-mm Armor-piercing Shot M80 (Ballistic Research Laboratory Report 4381, at a muzzle 
velocity of 2700 fps and a twist of rifling of one turn in 32 calibers, is 6.4. 

7. Firing table data. FT 90-D-2 (Abridged), 

Guns, 90-mm, Ml, MlAi, M2, M3 and M26. 

Twist of rifling;, 1/32, 

Muzzle velocity: 2700 fps. 

This Shot was standardized by OCM item 17528; its designation WaS changed from Semi-armor- 
pierctng to Armor-piercing by OCM item 17699, 

a. Form factor (Proj Type 1). i^^ = 1.19. 

b. Ballistic coefficient (Proj Type 1), = 1.564. 
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SECTION V 
EFFECT DATA 


Penetration - - - — 

8. Penetration. 


Paragrap h 

8 


Homogeneous Plate 

Ballistic Limit 

Number 

in 

Average 

Thickness 

inches 

Brinnell 

Number 

Obliquity 

degrees 

Type 

fps 

3 

270 

0 

Army 

1166 

2 

4 


0 

Army 

1679 

2 

4 


0 

l^avy 

1763 

2 


7 
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BALLISTIC AND ENGINEERING DATA 
for 

Projectile, APC, 90-mm, M82 
with 

Fuze, BD, M68 


Section Paragraph 

I General- 1 

n Description- 2-4 

in Interior ballistic data- 5 

IV Exterior ballistic data- 6-7 

V Effect data. 8 


SECTICJN 1 
GENERAL 

Paragraph 

Purpose -------------------------------- 1 

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics, ballistics, and effects of the 90-mm Arm or-piercing Capped Pro¬ 
jectile M82 with the Base Detonating Fuze M68, which contains a tracer composition. This information is 
collected from the drawings, reports, firing tables, and technical manuals pertaining to this ammunition. 


1 










DIMENSIONS IN CALIBERS 
I CAL » 3A43* 



PROJECTILE, APC, 90-MM, M82 
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FOR PROJECHLE. APT, OO-MM. M82 


SECTION n 
DESCRtPTlCa? 

Paragraph 

Drawings ------- 

Dimensions ------ 

Physical characteristics 


2i Drawings. 


Projectile: Metal parts assembly 

Details 

Details 

75-13-46 

75-18-47 

75-18-51 

Fuze: Assembly 

Details 

73-2-181 

73-2-182 

3. Dimensions. 


Fuze; Length (outside) 

0.178 cal 

Band: Distance from base 

Width 

0.278 cal 
0.356 cal 

Body: Cylindrical length 

Ogival length (outside) 

Radius of ogival arc 

1.017 cal 
0.124 cal 
1.296 cal 

Cap- Length (outride) 

0.651 cal 

Vilndshield: Length 

Radius of ogival arc 

1.G46 cal 
9.015 cal 

Length: Ogive 

Projectile without fuze 
■projectile and fuze 

2.721 cal 
4.338 cal 
4.516 cal 


W CO 








BRLH 90-U2 
4.6 


BALUSTIC AND ENGINEERING DATA 


4. Physical characteristics. 

Weight (standard) 

Base to center of gravity* 

Axial moment of inertia* 
Transverse moment of inertia* 


24.11 lb 
1,145 cal „ 
35.9 Ib.Ln 
198 lb.in2 


♦Estimated on the basis of measurements of the 3-Inch Arm or-piercing Capped Projectile M62 with 


Base Detonating Fuze M66A1, 


SECTION in 

mTERIOR BALLISTIC DATA 


Paragraph 

Theoretical yaw in bore - --— — __ — 5 

5. Theoretical yaw lo bore. 

Minimum 4 min 

Maximum 7 min 


SECTION IV 

EXTERIOR BALUSTIC DATA 


Paragraph 


Aerodynamic data .- - — - — .... — - -- ....... 0 

Firing table data - - -- 7 


6. Aerodynamic data. 

a. Drag. A fa.'m factor of 0.90 relative to the Cg drag function was determined from resistance 
firings at velocities from 2000 to 2660 Tps. The corresponding ballistic coefficient is 2.134. The drag coef 
ficient is 0.135 at 2000 fps and 0.108 at the standard muzzle velocity of 2670 fps. 
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b. Stability. No stability firings have been done with the 90~mm APC Projectile M82, The stability 
factor, estimated from tliat of the 3-inch Armor-piercing Capped Projectile M62 with Base Detonating Fuze 
M66A1 at a muzzle velocity of 2600 fps (Ballistic Research Laboratory Report 427), for a twist of rifling of 
one turn in 32 calibers is 1.58. 

7. Firing table data. FT 90-F-l 

Guns, 90-mm, Ml, MlAl, M2, M3 and M26. 

Twist of rifling: 1/32. 

Muzzle velocity: 2670 fps and 2800 fps. Projective Weight: 24.06 lb 

Standardization of the APC Projectile M&2 with the BD Fuze M68 was recommended by OCM item 
18386 and approved by OCM item 18496. 
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SECTION V 
EFFECT DATA 


Paragraph 

Penetraticn - -- - —-- —-—---- 8 

8. Penetration. 

a. Ballistic Limits of Armor Plate. 



Plate 


Ballistic Limit 

Number 

Type 

Thickness 

inches 

Obliquity 

degrees 

Type 

fps 

in 

Average 

Face 

Hardened 

3 

20 

Navy 

1770 

2 

Homogeneous 

1.5 

55 

Navy 

1775 

1 


2.5 

45 

Navy 

1981 

1 


2.5 

55 

Navy 

2504 

1 


3 

45 

Navy 

2519 

2 


b. Vulnerability of German Tanks (Panzerkampfwagen) 

Muzzle Velocity: 2670 fps. These data were taken from TM9-1907, "Ballistic Data, Performance of 
Ammunition". 


Maximum Vulnerable Range - yards 


Tank Model 

HI 

IV 

VI 

Attack 

Angle - deg 

0 

25 

0 

25 

0 

25 

Frontal 

Turret Sides 

5000+ 


5000+ 

5000+ 

4800 

2680 


Turret Rear 


— — 



4800 

2680 


Turret Front 


4660 

5000+ 

4840 

« 

* 


Upper Hull Front 

4300 


4300 

3250 

2900 

1200 


Lower Hull Front 

3600 


4080 

3100 

1880 

If 

Flank 

Turret Sides 

5000+ 

5000+ 

5000+ 

5000+ 

4800 

2680 


Turret Rear 

5000+ 

5000+ 

5000+ 

5000+ 

4800 

2680 


Turret Front 

cnAA, 

VVyWVT 

A aor\ 
twuu 

yVJULH* 

4840 


♦ 


Upper Hull Sides 

5000+ 

5000+ 

5000+ 

5000+ 

4800 

2680 


Lower Hull Sides 

5000+ 

5000+ 

5000+ 

5000+ 

5000+ 

4180 

Rear 

Turret Sides 

5000+ 

5000+ 

5000+ 

5000+ 

4800 

2680 


Turret Rear 

5000+ 

5000+ 

5000+ 

5000+ 

4800 

2680 


Turret Front 

5000+ 

4660 

5000+ 

4840 

♦ 

* 


Upper Hull Rear 

5000+ 

4580 

5000+ 

5000+ 

4320 

2600 


Lower Hull Rear 

5000+ 

4840 

5000+ 

5000+ 

4320 

2600 


♦Not vulnerable. 
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©.TOTAL NUMBER OF ROUNDS NECESSARY 
I TO OBTAIN 90% PROBABILITY OF AT LEAST 
I ONE PERFORATtON IN TARGETS 

I OF GRADE A CONCRETE (5000PSI) 

I MV2670FPS 




FROM TM3-I907, 

"BALLISTIC DATA, PERFORMANCE OF AMMUNITION’ 
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fJCTAL NUMBER OF ROUNDS 
NECESSARY TO OBTAIN 90% PROBABILITY 

OF ENOUGH Hits TO MAKE A BREACH 
I2FT WIDE IN A CONCRETE WALL iOFT HIGH 
MV 2670 FPS 
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FROM TM9-I907, 

“BALLISTIC DATA, PERFORMANCE OF AMMUNITION" 
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Engineering Data for Ammunition, 
No, 90-1-304 


Ballistic Research Lab. 
Aberdeen Proving Ground, 
Mar37isnd. 

11 E'ebruary 1949 


BALLISTIC AND ENGINEERING DATA 
for 

Shot, HVAP, 90-mm, M304 
with 
Tracer 

Section Paragraph 

I General- 1 

n Description- 2-4 

III Interior ballistic data- 5 

IV Exterior ballistic data--— 6-7 

V Effect data—--- 8 

SECTION I 
GENERAL 


Purpose 


Paragraph 

1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics, ballistics, and effects of the 90-mm High Velocity Armor-piercing 
Shot M304 with Tracer. This information is collected from the drawings, reports, firing tables, and 
technical manuals pertaining to this ammunition. 
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SECTION n 
DESCRIPTION 


Paragraph 


Drawings - 2 

Dimensions - 3 

Physical characteristics- - -- -- -- -- -- — - 4 


2. Drawings. 


Metal parts assembly 

75-2-375 

Details 

75-2-376 

Details 

75-2-377 

3. Dimensions. 

Band: Distance from base 

0.28 cal 

Width 

0.34 cal 

Cylindrical parts: Bourrelet ring 

0.17 cal 

Body and ring 

0.92 cal 

Base 

0.84 cal 

Base, body and ring 

1.76 cal 

Windshield: Length 

1.95 cal 

Radius of ogival arc 

0.71 cal 

Conical angle 

28‘’41’ 

Shot: Length 

3.71 cal 


4. Physical characteristics. The position of the centei- of gravity and the moments of inertia 
tabulated below pertain to ihe HVAP Shot T30E15, which is slightly different from the i.VAP Shot M304 
'T30E16). 


Weight (Standard) 

16,80 lb 

Base to center of gravity 

1.168 cal , 

Axial moment of inertia 

20.01 Ib.in' 

Transverse moment of inertia 

93.89 Ib.in' 
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BALUSTIC AND ENGINEERING DATA 


SECTION m 

INTERIOR BALLISTIC DATA 


Paragraph 

Theoretical yaw in bore - -- -- -- -- -- -- -- -- -- -- -- -- 5 

5. Theoretical yaw in bore. 

Minimum 3.3 min 

Max.'mum 6.1 min 


SECTION IV 

EXTERIOR BALLISTIC DATA 


Paragraph 


Aerodynamic data - -- -- -- -- -- -- -- -- -- -- -- -- -- - 6 

Firing table data - -- -- -- -- -- -- -- -- -- -- -- -- -- - 7 


6. Aerodynamic data. 

a. Drag. A form factor of 1.16 relative to the Gg drag function was determined from t'..me-of-flight 
firings to a vertical target at r range of 1500 yards. The ballistic coefficient is 1.15. The drag coefficient 

is 0.113 at the average muzzle velocity of 3262 fps obtained in these firings, and 0.111 at the standard muzzle 
velocity of 3350 fps. 

b. Stability. Ballistic. Research Laboratory Memora.ndum Report 347D gives the following results 
obtained wi t-tie HVAP Shot T30E15, which is slightly different from ihe HVAP Shot M304 (T30E16): 


Velocity 3325 fps 

Twist of rifling 1/32 

Stability factor 1.7 

Moment coefficient 1.0 


7. Firing table data. FT 90-F-l 

Guns, 90-inni, Hu, Ml.^1, M2, M3 and M25. 

Tv;irt of r‘fling- i/32. 

Muzzle velocity. 3350 fps. 

Projectile Weight: 16.7 1b. 

Standardization of the HVAP Shot M304 was recommended by OCM item 28147 and approved by 
OCM item 28461. 

a. Form Factor (Proj Type 71; i.^ = 1.475. 

b. Ballistic Coefficient (Proj Type 71: = 1.109., 
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B.ALLKTIC AND ENGINEERmC DATA 
for 

Shell, HE, 105-mm, Ml 
witn 

Fuzes, PD, lvl4SA2 ana M61A4; TSQ, M55A.b; acd CP, 'M78 


Section Paragraph 

I General- 1 

n Description- 2-4 

in Interior ballistic data- 5-6 

IV Exterior ballistic data- 7-8 

V Effect data- 9 - 12 


SECTION I 
GENERAL 

Paragraph 

Purpose -------------------------------- 1 

1. Purpose. The purpose of Ibis number of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics, bailist.cs and effects of the 105-mm High Explosive Shell Ml with 
the Point Detonating Fuze M48A2 or M51A4, the Time and Superquick Fuze M55A3, or the Concrete-piercing 
Fuze M78. This information is collected from the drawings, reports, firLng tables, and technical manuals 
pertaining to tWs ammunition. 
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BALUSTIC AND ENGINEERING DATA 


ALL DIMENSIONS IN CALIBERS 
I CAL* 4.134IN 



FUZE, PD, M48A2 OR M5IA4, OR T SQ, M55A3 



SHELL,HE,I05-MM,MI 

FUZE,CP,M78 
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SECTION n 
DESCRIPTION 


Paragraph 

Drawings - -- -- -- -- -- -- — - 2 

Diniensions - 3 

Physical characteristics - 4 

2. Drawings. 

Shell; Metal parts shipping assembly, marking 

diagram and details 75 . 4-75 

Booster, M20A1: Assembly and details 73-2-112 

Booster, M21A4: Assembly 73-2-154 

Fuze, PD, M48A2: Assembly 73-2-140 

Fuze, PD, M51A4: Assembly 73-2-145 

Fuze, TSQ, M54; Assembly 73-3-154 

Fuze, TSQ, M55A3: Assembly 73-3-155 

Fuze, CP, M78: Assembly and details 73-2-214 


Note; The PD fuzes require one of the boosters. The TSQ Fuze M55A3 is the M54 Fuze with tt>- 
M21A4 booster. The CP fuze contains the working parts of the boosters. 


3. Dimensions. 


Boattail; Angle 

Length 

O^OO' 

0.49 cal 

Band; Distance from boattail 

Distance from base 

Width 

0.25 cal 
0.74 cal 
0.19 cal 

Cylindrical body; Length 

1.84 cal 

Ogive; Length 

Radius of arc 

1.44 cal 
6.17 cal 

Shell, imfuzed; Length 

3.77 cal 

Fuze, PD, M48A2 or M51A4, or TSQ, M55A3: 
Outside length 

Ogive and fuze 

Shell and fuze 

0.905 cal 
2.345 cal 
4.675 cal 

Fuze, CP, M78; 

Outside length 

Radius of arc 

Ogive and fuze 

Shell and fuze 

0.64 cal 
1.935 cal 
2.08 cal 
4.41 cal 
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BALLISTIC AND ENaNEERING DATA 


4. Physical characteristics. 


Mean Weight Base to ,, . .• 

,, ® Moments of Inertia 

lb Center of ,, ,,p 


Fuze 

D 

Marking 

aa aon 

Gravity 

cal 

iU 

.If 

Axial 

Transverse 

TSQ M55 

32.4 

33.0 

33.6 

1.739 

0.554 

5.345 

Dummy M59 

32.4 

33.0 

33.6 

1.749 

0.5506 

5.399 

CP M78 

33.0 

33.6 

34.2 





Note: The physical characteristics with all modifications of the PD and TSQ fuzes are approximately 
the same as with the TSQ Fuze M55. The Dummy Fuze M59 has the same contour as the TSQ Fuze M55. 


SECTION m 

INTERIQP. BALLISTIC DATA 


Paragraph 


Stresses ------ — — 5 

Theoretical yaw in bore - -- -- -- -- —---- 6 


5. Stresses. The following table and the graphical representation on page 5 show the longitudinal, 
radial and tangential resultant stresses at each of two sections: (A) the rear corner of the band seat and 
(B) the front of the band seat. 


Howitzers 
Twist of rifling 
Cross-sectional area of bore 
Rated maximum pressure 
Total weight of projectile 
Muzzle Velocity 
Density of filler (TNT) 


M2A1, M3, M4 
1/20 

13.65 sq in. 

28,000 psi** 

33.00 lb 
1550 fps 

0.057 lb per cu in. 


Resultant Stress* Section 

100 psi A B 


Longitudinal 

Radial 

Tangential 


-101 -320 
+300 - 89 
-603 +400 


* + denotes lension, - denotes compression. 

** Since these stresses were calculated, the rated maximum pressure has been increased 
to 30,000 psi (OCM item 17072) 


I 
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BALUSTIC AND ENGINEERING DATA 


6. Theoretical yaw in bore. 

Minimum 2.7 min 

Maximum 5.0 min 


SECTION IV 

EXTEraOR BALLISTIC DATA 


Aerodynamic data --— — _______ 7 

Firing table data-— — . — - — — — . a 


7. Aerodynamic data. 

a. Drag. The graph of drag coefficient vs. Mach number (p. 7) was determined by resistance fh tags 
of the HE Shell Ml with the PD Fuze M48. The graph of drag coefficient vs. yaw (p. 8) was determined by 
measurements of a wooden model of the same projectile, made by the Bureau of Standards in an air stream 
with a speed of 45 fps. The form factor of the HE Shell Ml with the CP Fuze M78, determined by resistance 
firings, is 0.93 relative to Gg at a velocity of 1519 fps; the corresponding drag coefficient is 0.161. 

b. Stability. The graph of moment coefficient vs. yaw, (p. 9) was determined by measurements of a 
wooden model of the HE Shell Ml with the PD Fuze M48, made by the Bureau of Standards in an air stream 
with a speed of 45 fps. The data tabulated below were determined by stability firings of the HE Shell Ml 
with the Dummy Fuze M59, fired from the 105-mm Howitzer M2A1 (see BRL Memorandum Report No. 265, 
"Stability of 105-mm HE Shell Ml"), and with the TSQ Fuze M55, fired from the 105-mm AA Gun T4. 


Fuze 

Dummy M59 

TSQ M55 

Muzzle Velocity 

1550 fps 

2675 fps 

Moment coef. K,. 

M 

1.41 

1.28 

Twist of rifling 

1/20 

1/30 

Staoility factor 

2.69 

1.35 


c. Drift. FT 105-H-3 and FT 105-L-2 give the drift for the lC5-mm howitzers firing the HE Shell 
Ml with ?D and TSQ fuzes. The graph of cross wind force coefficient vs. yaw (p.lO) was determined by 
measurements of a wooden model ..f tne shell -with ?D fuze, m.ade by .he Bureau of Standards in an air 
stream -with a speed of 45 fps. 
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8. Firing table data. 

FT 105-H-? with C8 contains data for 105-mm Howitzer M2A1 on Carriage M2, firing HE Shell 
Ml with FD and TSQ fuzes, and FT 105-L-2 with C4, for 105-mm Howitzer MS on Carriage MS, firing HE 
Shell Ml with PD and TSQ fuzes. FT 105-H-3 is also applicable to the 105-mm Howitzer M2A1 on Carriage 
M2A2 or Motor Carriage M7 or M7B1, and the Howitzer M4 in Medium Tank M4 or M4A3 or Motor Car¬ 
riage T76, providing the corrections listed in C8 be applied to the elevation and drift. These tables may 
be used for the HE Shell Ml with the CP Fuze M78 providing corrections be made for weight and air re¬ 
sistance: the weight of the shell with the CP fuze is greater than that of one with the PD fuze with the same 
marking by the amount indicated by a difference of one square; the increase in air resistance is equivritr.t 
to one percent increase in air density. 

The twist of rifling of all these havitzers is 1/20. 

The semi-fixed rounds are assembled with charges to give the following muzzle velocities: 


Charge 

HcAvitzer M2A1 or M4 

Howitzer M3 


Round for How 

Round for 

No. 

M2A1 

M3 

How M3 

1 

650 

695 

650 

2 

710 

755 

710 

3 

780 

825 

780 

4 

875 

925 

875 

5 

1020 

1080 

1020 

6 

1235 



7 

1550 




OCM item 11871 approved the recommendation by item 11820 that the HE Shell Ml be standardized 
for the 105-mm Howitzer M2 (later superseded by M2A1). OCM item 19910 approved the recommendations 
by item 19684 that the 105-mm Howitzer MS and Carriage MS be standardized, and that the HE Shell Ml with 
PD Fuze M48A1 be assembled as a semi-fixed round capable of being fired in this howitzer at the first five 
zone velocities of the M2A1 Howitzer. OCM item 23702 approved the recommendations by item 23180 that 
the semi-fixed roimd for the MS Howitzer be made substitute standard for the M2 and M2A1 Howitzers, and 
that the round for the M2 and M2.41 Howitzers be not used in the MS Ho-."itzer except under conditions of 
extreme emergency, in which event cxily charges 1, 2 and 3 may be ustl. OCM item 22131 approved the 
recommendation of item 21868 that the 105-mm Howitzer M4 be standardized for use in the Medium Tank 
M4 or M4A3 (the ballistics of this howitzer are the same as those of the M2A1 Howitzer). 
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m.RANGE EFFECT OF IMPH REAR WIND 
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SECTION V 
EFFECT DATA 


Paragraph 


Fragmentation - - - - - - ---- g 

Effectiveness - -- -- -- -- —--- iq 

Ricochet data - - — — - —---- H 

Penetration - -- -- — ------ 12 


9. Fragmentation. The data on fragmentation of the 105-mm HE Shell Ml were taken from TM9-1907 
"Ballistic Data, Performance of Ammunition'- (Sep 1944) and Vol. HI of "Terminal Ballistic Data" (Sep 1945). 
The initial fragment velocity is 3500 fps. 
a. Casualties. 


TABLE 48 
CASUALTIES 


Distance 
from burst 
(ft) 

Total number 
of effective 
fragments 

Average 
number of 
effective frag¬ 
ments per sq ft 

For the lightest 
effective fragment 
Weight • -Velocity 
(oz) (fps) 

r 

N 

B 

m 

V 

20 

1,160 

0.231 

0.010 

2,440 

30 

1,115 

0.0986 

0.014 

2,060 

40 

1,072 

0.0533 

0.019 

1,770 

60 

996 

0.0220 

0.030 

1,410 

80 

9.32 

0.0220 

0.030 

1,410 

100 

875 

0.0070 

0.055 

1,040 

150 

745 

0.0026 

0.083 

846 

200 

642 

0.0013 

0.109 

738 

300 

513 

0.0004 

0.166 

598 

400 

433 

0.0002 

0.232 

507 

500 

358 

0.0001 

0.312 

438 




« 
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CASUALTIES 




GROUND • 


WCUNATION 0* 

HEIGHT OF BURST OFT 
REMAINING VELOCITY OFPS 



GROUND • 


W 30* 


INCLINATION 30® 

HEIGHT OF BURST OFT 

SJ REMAINING VELOCITY 800 FPS 
PER 10 SO FT 
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CASUALTIES 


^ UNE OF__ 
FIP5 



INCUNATION 30* 

HEIGHT OF BURST SOFT 
REMAINING VEl-OOTY 800FPS 


^ U^E 0 
FIRE 



AT LEAST I HIT 
PER4SQFT 
ATLEASTTIHIT 
PER lOSQFT 
AT LEAST I HIT 
£iJpER25SQFT 


INCLINATION 30* 

HBGHT OF BURST 60 FT 
REMAINING VELOCITY 800FPS 
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EXPECTED casualties: 50% OF PERSONNEL 
AIR BURSTS AT OPTIMUM MEAN HEIGHT (SEE P 31) 
_ FUZE,T.SQ ,M5 5A3 _ 

SHIELDING EQUIVALENT TO 0“FOXHOLE j 


lil 


CHARGE 



650 FPS 
7I0FPS 
780FPS 
875 FPS 
I020FPS 
1235 FPS 
I550FPS 


WIDTH OF FRINGE AROUND TARGET AREA TO BE INCLUDe| 3 
IN FIRE AREA* MEAN HEIGHT OF BURST + lOFT I 


RANGE- YARDS 


oHISLDiNG EQUIVALENT TO 10* FOXHOLE 


RANGE -■ YARDS 

I i I 





30 



























2000 4000 6000 


8000 iOOQO 


12000 
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TABLE 49 

PERFORA.TION OF 1/8 IN. MILD STEEL 


D! stance 
from burst 
(ft) 

Total number 
of effective 
fragments 

Average 
number of 
effective frag¬ 
ments per sq ft 

For the lightest 
effective fragment 
Weight Velocity 
(oz) ifps) 

r 

N 

B 

m 

V 

20 

975 

0.194 

0.035 

O.^OO 

30 

923 

0.0816 

0.047 

2,430 

40 

853 

0.0424 

0.061 

2,220 

60 

700 

0.0155 

0.095 

1,920 

80 

570 

0.0071 

0.137 

1,750 

100 

470 

0.0037 

0.192 

1,550 

120 

403 

0.0022 

0.255 

1,420 

140 

341 

0.0014 

0.326 

1,320 

170 

262 

0.0007 

0.448 

1,200 

200 

210 

0.0004 

0.580 

1,3 20 

300 

88 

0.0001 

1.05 

955 



BALUSTIC AND ENGINEERING DATA 



1NCUNAT10N 0* 

HEIGHT OF BURST 0 FT 
REMAINING VEUOCITY 0 FPS 


0 ® 



AT LEAST I HIT HEIGHT OF BURST 0 FT 
PERIOSQFT REMAINING VELX)CITY 800 FPS 
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BALLISTIC AND ENQNEERING DATA 


SHELL DENSITY REQUIRED IN AREA FIRE 
EXPECTED PERFORATIONS OF 1/8-INCH MILD STEEL*- 
50% OF ELEMENTS 2 SQ FT IN AREA 
SUPERQUICK GROUND BURSTS - NO SHIELDING 

- —-I- : ■ 1 -—Ti-T-Hfk !■' ■ : ! ■ |-‘-i ^ ; 11 ! - M 

=z WIDTH OF PRINCE AROUND TARGET AREA ^ 
E TO BE INCLUDED IN RRE AREA*- 29 FT ^4 


CHARGE 

1 

2 

3 

4 

5 

6 




MV 

690FP8 
710 FPS 
780FPS 
879FPS 
1020 FPS 
1239 FPS 
1990FPS 
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BALUSTIC AND ENGINEERING DATA 


10. Effectiveness. The following data were taken from Vol. m of "Terminal Ballistic Data". They 
pertain to the 106-mm HE Shell Ml with a PD or TSQ Fuze. 


NUMBER OF ROUNDS REQUIRED AGAINST ENEMY ARTILLERY FOR 90% 
PROBABILITY OF AT LEAST ONE EFFECTIVE HIT IN AIMED FIRE 


MV 

Range 


Type of Fire 

fps 


Impact 

Time 

Time and Impact 

1020 

2000 

24 

250 

41 


5000 

460 

820 

430 

1550 

2000 

6 

270 

13 


5000 

91 

450 

130 


11. Ricochet Data. The following data were taken from Vol. Ill of "Terminal Ballistic Data". They 
pertain to the 105-mm HE Shell Ml with the PD Fuzes M48A2 and M51A4, which have 0.15-sec delay. 
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TABLE 77 


PE In 



Range 

Angle of Angle of Impact Height 
Fall Recovery to Burst of Burst 

Height 
of Burst 


yd 

mils 

mils 

yd 

ft 

ft 

Charge 1 

M; 650 fps 

1,000 

126 

170 

24 

12 

2 

2,000 

272 

285 

15 

13 

3 


Charge 2 

MV 710 fps 

1,000 

2,000 

3,000 

104 

226 

376 

145 

260 

315 

27 

19 

10 

12 

15 

10 

2 

3 

3 

Charge 3 

MV 780 fps 

1,000 

87 

125 

31 

12 

2 


2,000 

188 

230 

23 

16 

3 


3,000 

304 

295 

15 

14 

3 

Charge 4 

MV 675 fps 

1,000 

69 

105 

36 

11 

2 


2,000 

147 

195 

29 

17 

3 


3,000 

237 

265 

21 

17 

4 


4,000 

343 

305 

14 

13 

3 

Charge 5 

MV 1,020 fps 

1,000 

51 

80 

44 

10 

2 


2,000 

109 

155 

37 

17 

‘ 3 


3,000 

174 

220 

30 

20 

4 


4,000 

247 

270 

23 

19 

4 


5,000 

331 

305 

17 

15 

4 


6,000 

430 

315 

10 

9 

3 

Charge 6 

MV 1,235 fps 

1,000 

39 

65 

51 

10 

2 


2,000 

86 

125 

43 

17 

3 


3,000 

138 

185 

36 

20 

4 


4,000 

198 

235 

30 

21 

4 


5,000 

265 

280 

24 

20 

4 


6,000 

339 

305 

17 

16 

4 


7,000 

422 

315 

10 

10 

4 

Charge 7 

MV 1,500 fps 

1,000 

25 

45 

65 

8 

2 


2,000 

60 

95 

54 

15 

3 


3,000 

104 

145 

44 

19 

4 


4,000 

156 

200 

3? 

22 

4 


5,000 

214 

250 

29 

22 

5 


6,000 

278 

285 

23 

20 

5 


7,000 

348 

310 

17 

16 

4 


8,000 

423 

315 

10 

10 

4 


12. Penetration. The data on penetration of concrete by the HE Shell Ml with the CP Fuze MVS were 
taken from TM9-1907, "Ballistic Data, Performance of Ammunition". The data on penetration into medium 
earth and logs by the HE Shell Ml with any DP or CP fuze were taken from Vol. IH of "Terminal Ballistic 
Data". 
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ROUNDS NECESSARY TD OBTAM 
90% PROBABILITY OFATLEAST ONE PERFORATION IN 
TARGETS OF GRADE A CONCRETE (5000 PSI) 

MV 1550 FPS 


GRAPH 
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THICKNESS HEIGHT WIDTH 
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n Description- 2-4 

HI Interior ballistic data- 5 

IV Exterior ballistic data- 6 


SECTION I 
GENERAL 

Paragraph 

Purpose - - —---- - — - --- 1 

1. Purpose. The purpose of this n'unber of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics and allistics of the 105-mm High Explosive Shell T12 with the Me¬ 
chanical Time Fuze MPIAI. This information is collected from the drawings, reports and firing tables per 
taining to this ammunition. 
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SECTION n 
DESCRIPTION 


Drawings - -- -- -- -- 
Dimensions - -- -- - — 
Physical characteristics - - 



2. Drawings. 


Shell: Metal parts assembly and details GA 2127 

Fuze: Assembly 73-7-71 

Details 73-7-72, 

74,75,76 

3. Dimensions. 

Boattail: Angle 7°00' 

Length 0.455 cal 

Band: Width 0.343 cal 

Distance from base 0.709 cal 

Distance from boattail 0,254 cal 

Cylindrical body: Length 1J25 cal 

Ogive: Length 1.221 cal 

Radius of arc 10.159 cal 

Fuze: Outside length 1.857 cal 

Length: Shell 2.601 cal 

Shell and fuze 5.458 cal 

Ogive and fuze 3.078 cal 


4. Physical characteristics. 

Mean weight 38 lb 


SECTION nr 

INTERIOR BALLISTIC DATA 

Paragraph 

Theoretical yaw in bore - ---— — - - — 5 

5. Theoretical yaw in bore. 

Minimum 2.7 min 

Maximum 5.0 min 
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SECTION IV 

EXTERIOR BAtLISTIC DATA 


Paragraph 

Cam data — - — - -- — — . 5 

6. Cam dz^r 

Guji, 105~mm, T4 on antiaircraft mount. 

Twist of rifling'. 1/30, 

Muzzle velocity: 3000 fpr. 

Projectile weight: 3[: lb. 

a. Form factor (Pro] Type 3): Ig =• 0.882. 

b. Ballistic coefficleut (Proj Type 2): = 2.52. 
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SECTION I 
GENERAL 

Paragraph 

Purpose - -- -- -- -- -- -- -- -- -- -- - — - 1 

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics, ballistics and effects of the 105-mm High Explosive Antitank Shell 
M67 with the Base Detonating Fuze M62. This information is collected from the drawings, reports, and 
firing tables pertaining to this ammunition. 


SECTION n 
DESCRIPTION 


Pa ragraph 


Drawings - -- -- -- -- -- -- -- -- -- — - -- - — - 2 

Dimensions - --— — - ---- 3 

Physical characteristics - -- -- -- -- -- - — - — — - -. 4 













ALL DIMENSIONS IN CALIBERS 
I CALIBER*4.134“ 
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2. Drawings. 

Shell: Assembly 

Metal parts details 
Ogive and unibn assembly 

Fuze; Assembly 
Details 
Details 
Details 

3. Dimensions. 

Boattail: Angle 
Length 

Band: Distance from boattail 
Distance from base 
Width 

Body: Length of cylindrical part 
Ler-i.th of ogival part 
Radius of arc 

Union; Length 

Ogive: Length 
Angle 

Length; Body 

Ogive and union 
Shell 

Ogive, union and ogival part of body 

NOTE: Fuze is entirely inside of shell body. 

4. Physical characteristics. 

Weight (standard! 

Base to center of gravity 

Axi'l '' cient of inertia 

Trani se moment of inertia 


75-14-352 

75-4-106 

75-4-107 

73-2-168 

73-2-169 

73-2-170 

73-2-171 


9°00' 
0.49 cal 

0.25 cal 
0.74 cal 
0.19 cal 

1.84 cal 
0.34 cal 
6.17 cal 

0.14 cal 

1.86 cal 
2l‘’30' 

2.67 cal 
2.00 cal 

4.67 cal 
2.34 cal 


29.29 lb 
1.497 cal , 
0.515 lb.ft‘ 
4.18 Ib.ft^ 
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SECTIOKm 

INTERIOR BALUSTIC DATA 


Paragraph 


Stresses-- —---- 5 

Theoretical yaw in bore----- 6 


5. Stresses. The following table and the graphical representation on page 4 show the longitudinal, 
radial and tangential resultant stresses at each of three sections: (A) the rear corner of the band seat, 
(B) the front of the band seat, and (C) immediately behind the bourrelet. 


Howitzer 


105-mm M2 

Twist of rifling 


1/20 

Cross-sectional area of bore 


13.65 sq in. 

Rated maximum pressure 


30,000 psi 

Total weight of projectile 


29.29 lb 

Muzzle vTelocity 


1250 fps 

Density of filler (pentolite) 


0.0574 lb per 

Resultant Stress* 


SECTION 

100 psl 

A 

B C 

Longitudinal 

-179 

-415 -266 

Radial 

+395 

0 +23 

Tangential 

-694 

+342 +198 


♦ + denotes tension, - denotes compression. 

6. Theoretical yaw in bore. 

Minimum 2.7 min 

Maximum 5.0 min 


SECTION nr 

EXTERIOR BALLISTIC DATA 


Paragraph 


Aerodynamic data --- - —---- 7 

Firing table data-— ----—- 8 
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BALUSTIC AND ENaNEERlNG DATA 


7. Aerodyoamic data. 

a. Drag. A form factor of 1.26 relative to the Gg drag function was determined from resistance 
flrlngs at 1250 fps with short coil distances. Later, more accurate measurements were made, and a form 
factor of 1.06 determined by resistance firings at both 1020 and 1250 fps. This value has been confirmed 
by comparative firings v;ith the HEAT Shell M67 and the HE Shell Ml against a vertical target at a muzzle 
velocity of 1020 fps. For the standard weight of 29.29 lb, the ballistic coefficient is 1.62 on Gg. The drag 
coefficient is tabulated below. 


Velocity 

Drag Coefficient 

fps 


1020 

.078b 

1250 

.170 


b. Stability. The stability factor of the HEAT Shell M67 has not been determined. However, it 
should be approximately the same as that of the 75-mm HEAT Shell M66, which is about 2.07 for a twist 
of rifling of 1/20 at a muzzle velocity of 1000 fps. 

8. Firing table data. 


Howitzer 

Firing 

MV 

Weight 

Twist of 

105-mm 

Table 

fps 

lb 

Rifling 

M2A1 

105-H-3, C8 

1250 

28.8 

1/20 

M3 

105-L-l 

1020 

28.3 

1/20 


The terminal velocity was taken from Ballistic Research Laboratory Memorandum Report 296, 
"Tables of Impact Velocities for Mobile Artillery Weapons". The HEAT Shell M67 was standardized by 
OCM item 17639. 
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SECTION V 
EFFECT DATA 


Penetration 



9. Penetration. The average penetration Into homogonecus armor plate is 4.5 Inches. 
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SECTION I 
GENERAL 


Paragra phs 

Purpose - 1 

Purpose. The purpose of this number of the handbook is to furnish a conciso collection of infor¬ 
mation regarding the shape, dynamics, ballistics and effects of the 105-mm niuminating Shell M314 with 
the Time and Superquick Fuze M54. This information <s collected from the drawings, reports, firing 
tables and firing records pertaining to this ammunition. 


(SECTION n 
DESCRIPTION 


Paragraph 


Drawings - — - — - ------- — - — — ... 2 

Dimensions------ — . — 3 

Physical characteristics — - -- -- — - 4 
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2. Drawlogs. 

Shell: Metal parts assembly 
Details 

Fuze; Assembly 

3. Dimensionc. 

Band: Width 

Distance from base 

Body: Length csf base piece 

Length of cylindrical part 
Length of ogival part 
Radius of ogival arc 
Lengtli of shell 

Fuze: Length (outside) 

Length of shell and fuze 
Length of ogive and fuze 

4- Physical characteristics. 

Weight (standard) 

Base to center of gravity 

Axial moment of inertia 

Transverse moment of inertia 


75-4-128 

75-4-129 

73-3-154 


0.196 cal 
0.399 cal 

0.145 cal 
2.900 cal 
0.835 cal 
2.782 cal 
3.735 cal 

0.914 cal 
4.649 cal 
1.749 cal 


36.60 lb 
1.180 cal 
0.286 lb.ft2 
1.416 lb.fl2 


SECTICitf ni 

INTERIOR BAr.TJS^ DATA 


Theoretical yaw in bore - - — - — 

— ... 


Paragraph 

■-- 5 

5. Theoretical yaw in bore. 

Minimum 


8 min 


Maximum 


15 min 
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BALLISTIC AND ENGINEERING DATA 


SECTION IV 

EXTERIOR BALLISTIC DATA 

Aerodynamic data 
Firing table data 

6. Aerodynamic data. 

a. Drag. The following drag coefficients were computed from the ballistic coefficients tabulated 
in paragraph 6, which were determined by range firings. 


Paragraph 

6 

7 


Velocity 
_ fps 



620 .0881 

6'74 .0881 

738 .0885 

825 .0899 

958 .0950 

1158 .1829 

1453 .1892 


b. StabiUty. 

Muzzle Velocity 1226 fps 

Moment coefficient, K„ 1.37 

Twist of rifling 1/20 

Stability factor 3.60 


7. Firing table data. FT 105-H-3 (C-ll) 

105-mm Howitzer M2A1 and M4, Twist of rifling; 1/20. 

OCM items 28809 and 29657 recommended and approved standardization of the Illuminating Shell M314. 

a. Form Factor and Ballistic Coefficient. 

The following form factors and ballistic coefficients on the drag function Gg were determined by 
range firings and are independent of elevation. 


Charge 

MV 

Form 

Ballistic 

No. 

fps 

Factor 

Coefficient 

1 

620 

1.050 

2.007 

2 

674 

1.055 

1.996 

3 

738 

1.063 

1.981 

4 

825 

1.075 

1.959 

5 

958 

1.101 

1.914 

6 

1158 

1.135 

1.856 

7 

1463 

1.097 

1.920 


4 
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BALLISTIC AND ENGINEERING DATA 


SECTION V 
EFFECT DATA 


Paragraph 

niumlnatlon— — - ___ 8 

8. niumlnaticm. When the fuze functions, the candle and parachute are released. A few seconds 
later, the parachute opens and slowly lowers the candle to the ground. In the functioning tests of this am 
munitirai, the candles burned from 38 to 67 Seconds. 








